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ABSTRACT	 ﾠ
	 ﾠ
	 ﾠ
The	 ﾠStorm	 ﾠCell	 ﾠIdentification	 ﾠand	 ﾠTracking	 ﾠ(SCIT)	 ﾠalgorithm	 ﾠused	 ﾠby	 ﾠthe	 ﾠWSR-ﾭ‐88D	 ﾠradar	 ﾠidentifies	 ﾠstorm	 ﾠcells	 ﾠ
and	 ﾠprojects	 ﾠtheir	 ﾠfuture	 ﾠmovements.	 ﾠIt	 ﾠcan	 ﾠbe	 ﾠextremely	 ﾠuseful	 ﾠin	 ﾠmaking	 ﾠshort-ﾭ‐term	 ﾠpredictions	 ﾠabout	 ﾠthe	 ﾠ
impact	 ﾠthat	 ﾠa	 ﾠthunderstorm	 ﾠmay	 ﾠhave	 ﾠon	 ﾠa	 ﾠlocalized	 ﾠarea,	 ﾠallowing	 ﾠpeople	 ﾠto	 ﾠprepare	 ﾠfor	 ﾠan	 ﾠapproaching	 ﾠ
storm.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠassess	 ﾠthe	 ﾠaccuracy	 ﾠof	 ﾠthe	 ﾠStorm	 ﾠPrediction	 ﾠForecast	 ﾠalgorithm	 ﾠwithin	 ﾠthe	 ﾠSCIT,	 ﾠ48	 ﾠstorms	 ﾠ
in	 ﾠNew	 ﾠYork	 ﾠand	 ﾠ24	 ﾠstorms	 ﾠin	 ﾠKansas	 ﾠwere	 ﾠchosen	 ﾠand	 ﾠthe	 ﾠerror	 ﾠbetween	 ﾠtheir	 ﾠforecast	 ﾠtracks	 ﾠand	 ﾠtheir	 ﾠ
actual	 ﾠpaths	 ﾠwas	 ﾠdetermined.	 ﾠThese	 ﾠregions	 ﾠwere	 ﾠchosen	 ﾠto	 ﾠlook	 ﾠfor	 ﾠany	 ﾠsignificant	 ﾠdifferences	 ﾠin	 ﾠalgorithm	 ﾠ
performance	 ﾠin	 ﾠtwo	 ﾠdisparate	 ﾠgeographical	 ﾠregions	 ﾠand	 ﾠto	 ﾠinclude	 ﾠa	 ﾠregion	 ﾠof	 ﾠthe	 ﾠU.S.	 ﾠfor	 ﾠwhich	 ﾠthe	 ﾠSCIT	 ﾠ
algorithm	 ﾠhas	 ﾠnot	 ﾠbeen	 ﾠpreviously	 ﾠevaluated.	 ﾠThe	 ﾠstorms	 ﾠwere	 ﾠchosen	 ﾠbased	 ﾠon	 ﾠtheir	 ﾠseverity,	 ﾠall	 ﾠbeing	 ﾠ
tornadic	 ﾠat	 ﾠsome	 ﾠpoint	 ﾠduring	 ﾠtheir	 ﾠlifespan.	 ﾠThe	 ﾠStorm	 ﾠPosition	 ﾠForecast	 ﾠalgorithm	 ﾠacts	 ﾠto	 ﾠpredict	 ﾠpositions	 ﾠ
for	 ﾠan	 ﾠidentified	 ﾠcell	 ﾠin	 ﾠ15-ﾭ‐minute	 ﾠintervals,	 ﾠout	 ﾠto	 ﾠa	 ﾠmaximum	 ﾠof	 ﾠ60	 ﾠminutes.	 ﾠTo	 ﾠverify	 ﾠthat	 ﾠthe	 ﾠalgorithm	 ﾠ
improves	 ﾠwith	 ﾠtime	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠa	 ﾠgiven	 ﾠstorm	 ﾠcell,	 ﾠsuccessive	 ﾠscans	 ﾠwere	 ﾠalso	 ﾠanalyzed	 ﾠto	 ﾠverify	 ﾠan	 ﾠ
improvement	 ﾠin	 ﾠthe	 ﾠforecast	 ﾠtracks.	 ﾠOnce	 ﾠthe	 ﾠerrors	 ﾠfor	 ﾠeach	 ﾠposition	 ﾠforecast	 ﾠwere	 ﾠcalculated,	 ﾠcomparisons	 ﾠ
were	 ﾠdone	 ﾠbetween	 ﾠseveral	 ﾠdifferent	 ﾠparameters	 ﾠto	 ﾠsearch	 ﾠfor	 ﾠcorrelations	 ﾠwith	 ﾠthe	 ﾠerrors,	 ﾠincluding	 ﾠdistance	 ﾠ
to	 ﾠthe	 ﾠradar	 ﾠstation,	 ﾠdBZ	 ﾠvalue,	 ﾠlead-ﾭ‐time,	 ﾠyear	 ﾠand	 ﾠtime	 ﾠof	 ﾠday.	 ﾠThe	 ﾠerrors	 ﾠwere	 ﾠbroken	 ﾠdown	 ﾠfurther	 ﾠbased	 ﾠ
on	 ﾠdirection	 ﾠ-ﾭ‐	 ﾠwhere	 ﾠa	 ﾠstorm	 ﾠwent	 ﾠversus	 ﾠits	 ﾠprojection.	 ﾠThe	 ﾠmost	 ﾠoutstanding	 ﾠresult	 ﾠdiscovered	 ﾠwas	 ﾠin	 ﾠthe	 ﾠ
separation	 ﾠof	 ﾠerror	 ﾠinto	 ﾠindividual	 ﾠdirections.	 ﾠFor	 ﾠboth	 ﾠthe	 ﾠNew	 ﾠYork	 ﾠand	 ﾠKansas	 ﾠstorms,	 ﾠthere	 ﾠwas	 ﾠa	 ﾠ
prominent	 ﾠtrend	 ﾠfor	 ﾠthe	 ﾠstorm’s	 ﾠactual	 ﾠpath	 ﾠto	 ﾠbe	 ﾠto	 ﾠthe	 ﾠright	 ﾠof	 ﾠthe	 ﾠprojected	 ﾠpath.	 ﾠThe	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠ
preferential	 ﾠrightward	 ﾠerror	 ﾠcan	 ﾠonly	 ﾠbe	 ﾠhypothesized	 ﾠhere	 ﾠand	 ﾠwould	 ﾠbe	 ﾠan	 ﾠarea	 ﾠfor	 ﾠfurther	 ﾠresearch.	 ﾠ	 ﾠ
	 ﾠ
1.	 ﾠ	 ﾠ Introduction	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ Severe	 ﾠthunderstorms	 ﾠimpact	 ﾠareas	 ﾠof	 ﾠthe	 ﾠUnited	 ﾠStates	 ﾠquite	 ﾠfrequently,	 ﾠcausing	 ﾠ
numerous	 ﾠdeaths	 ﾠand	 ﾠmillions	 ﾠof	 ﾠdollars	 ﾠin	 ﾠdestruction.	 ﾠSuch	 ﾠstorms	 ﾠbring	 ﾠlarge	 ﾠhail,	 ﾠgusty	 ﾠ
winds	 ﾠand	 ﾠthe	 ﾠpotential	 ﾠfor	 ﾠdangerous	 ﾠlightning	 ﾠand	 ﾠtornadoes,	 ﾠthe	 ﾠmost	 ﾠominous	 ﾠforce	 ﾠ
spawned	 ﾠby	 ﾠthunderstorms.	 ﾠThunderstorm	 ﾠmotion	 ﾠcan	 ﾠbe	 ﾠdifficult	 ﾠto	 ﾠpredict,	 ﾠespecially	 ﾠ
further	 ﾠthan	 ﾠa	 ﾠfew	 ﾠminutes	 ﾠout,	 ﾠbut	 ﾠeven	 ﾠshort	 ﾠterm	 ﾠpredictions	 ﾠcan	 ﾠhelp	 ﾠget	 ﾠpeople	 ﾠout	 ﾠof	 ﾠ
harm’s	 ﾠway.	 ﾠThese	 ﾠshort	 ﾠterm	 ﾠpredictions	 ﾠare	 ﾠmade	 ﾠby	 ﾠthe	 ﾠStorm	 ﾠCell	 ﾠIdentification	 ﾠand	 ﾠ
Tracking	 ﾠ(SCIT)	 ﾠalgorithm,	 ﾠone	 ﾠof	 ﾠmany	 ﾠalgorithms	 ﾠincorporated	 ﾠinto	 ﾠthe	 ﾠWSR-ﾭ‐88D	 ﾠRadar	 ﾠ
Product	 ﾠGenerator	 ﾠ(RPG).	 ﾠ	 ﾠ
	 ﾠ The	 ﾠSCIT	 ﾠalgorithm	 ﾠwas	 ﾠfirst	 ﾠincluded	 ﾠin	 ﾠthe	 ﾠRPG	 ﾠin	 ﾠlate	 ﾠ1996,	 ﾠreplacing	 ﾠthe	 ﾠprevious	 ﾠ
Storm	 ﾠSeries	 ﾠAlgorithm	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1997).	 ﾠThis	 ﾠalgorithm	 ﾠperformed	 ﾠsignificantly	 ﾠbetter	 ﾠ
than	 ﾠits	 ﾠpredecessor,	 ﾠidentifying	 ﾠ96%	 ﾠof	 ﾠstorm	 ﾠwith	 ﾠmaximum	 ﾠreflectivity	 ﾠabove	 ﾠ50	 ﾠdBZ	 ﾠ
compared	 ﾠto	 ﾠ41%	 ﾠfrom	 ﾠthe	 ﾠStorm	 ﾠSeries	 ﾠalgorithm	 ﾠaccording	 ﾠto	 ﾠJohnson	 ﾠet	 ﾠal.	 ﾠBecause	 ﾠ
proper	 ﾠidentification	 ﾠis	 ﾠessential	 ﾠto	 ﾠforecasting	 ﾠthe	 ﾠmotion	 ﾠof	 ﾠstorm	 ﾠcells,	 ﾠperformed	 ﾠby	 ﾠthe	 ﾠ
Storm	 ﾠPosition	 ﾠForecast	 ﾠsub-ﾭ‐algorithm,	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠclearly	 ﾠhas	 ﾠthe	 ﾠadvantage	 ﾠin	 ﾠ
skill.	 ﾠThis	 ﾠimprovement,	 ﾠhowever,	 ﾠisn’t	 ﾠsufficient	 ﾠin	 ﾠitself	 ﾠto	 ﾠhave	 ﾠconfidence	 ﾠin	 ﾠthe	 ﾠ
projections	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠalgorithm.	 ﾠIts	 ﾠprojections	 ﾠmust	 ﾠbe	 ﾠcompared	 ﾠto	 ﾠtrue	 ﾠstorm	 ﾠcell	 ﾠ
locations	 ﾠto	 ﾠhave	 ﾠa	 ﾠsense	 ﾠof	 ﾠhow	 ﾠaccurate	 ﾠthe	 ﾠalgorithm	 ﾠis.	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠof	 ﾠa	 ﾠtornadic	 ﾠevent,	 ﾠ
even	 ﾠa	 ﾠsmall	 ﾠerror	 ﾠcould	 ﾠmake	 ﾠthe	 ﾠdifference	 ﾠbetween	 ﾠa	 ﾠstorm	 ﾠhitting	 ﾠa	 ﾠmoderately	 ﾠ
populated	 ﾠsuburban	 ﾠregion	 ﾠand	 ﾠa	 ﾠstorm	 ﾠstriking	 ﾠa	 ﾠdensely	 ﾠpopulated	 ﾠdowntown	 ﾠarea.	 ﾠThis	 ﾠ
study	 ﾠlooks	 ﾠat	 ﾠthe	 ﾠerrors	 ﾠthat	 ﾠcan	 ﾠbe	 ﾠexpected	 ﾠfrom	 ﾠstorms	 ﾠin	 ﾠNew	 ﾠYork	 ﾠState	 ﾠand	 ﾠKansas.	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ	 ﾠ
3	 ﾠ
a.	 ﾠ	 ﾠ The	 ﾠSCIT	 ﾠAlgorithm	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠSCIT	 ﾠAlgorithm	 ﾠacts	 ﾠin	 ﾠfour	 ﾠsub-ﾭ‐functions:	 ﾠStorm	 ﾠCell	 ﾠSegments,	 ﾠStorm	 ﾠCell	 ﾠ
Centroids,	 ﾠStorm	 ﾠCell	 ﾠTracking,	 ﾠand	 ﾠStorm	 ﾠPosition	 ﾠForecast	 ﾠ(U.S.	 ﾠDepartment	 ﾠof	 ﾠCommerce	 ﾠ
2006).	 ﾠThe	 ﾠfirst	 ﾠtwo	 ﾠsub-ﾭ‐functions	 ﾠact	 ﾠtogether	 ﾠto	 ﾠidentify	 ﾠthe	 ﾠlocation	 ﾠof	 ﾠstorm	 ﾠcells	 ﾠand	 ﾠ
calculate	 ﾠtheir	 ﾠattributes	 ﾠwhile	 ﾠthe	 ﾠlatter	 ﾠtwo	 ﾠsub-ﾭ‐functions	 ﾠtrack	 ﾠthe	 ﾠlocation	 ﾠand	 ﾠcalculate	 ﾠ
the	 ﾠmovement	 ﾠof	 ﾠidentified	 ﾠcells	 ﾠ(U.S.	 ﾠDepartment	 ﾠof	 ﾠCommerce	 ﾠ2006).	 ﾠThe	 ﾠStorm	 ﾠPosition	 ﾠ
Forecast	 ﾠalgorithm	 ﾠis	 ﾠevaluated	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠand	 ﾠwill	 ﾠbe	 ﾠdescribed	 ﾠin	 ﾠmore	 ﾠdetail.	 ﾠFor	 ﾠmore	 ﾠ
information	 ﾠon	 ﾠthe	 ﾠSCIT	 ﾠalgorithm,	 ﾠplease	 ﾠrefer	 ﾠto	 ﾠPart	 ﾠC	 ﾠof	 ﾠthe	 ﾠFederal	 ﾠMeteorological	 ﾠ
Handbook	 ﾠNo.	 ﾠ11:	 ﾠDoppler	 ﾠRadar	 ﾠMeteorological	 ﾠObservations.	 ﾠ
	 ﾠ The	 ﾠStorm	 ﾠPosition	 ﾠForecast	 ﾠsub-ﾭ‐function	 ﾠprojects	 ﾠmovement	 ﾠfor	 ﾠa	 ﾠparticular	 ﾠstorm	 ﾠ
cell	 ﾠbased	 ﾠon	 ﾠthe	 ﾠage	 ﾠof	 ﾠthe	 ﾠcell.	 ﾠIf	 ﾠthe	 ﾠcell	 ﾠis	 ﾠnewly	 ﾠidentified	 ﾠ(i.e.,	 ﾠthe	 ﾠfirst	 ﾠvolume	 ﾠscan	 ﾠin	 ﾠ
which	 ﾠthe	 ﾠcell	 ﾠis	 ﾠidentified),	 ﾠthe	 ﾠmotion	 ﾠis	 ﾠpredicted	 ﾠbased	 ﾠon	 ﾠthe	 ﾠaverage	 ﾠspeed	 ﾠand	 ﾠ
direction	 ﾠof	 ﾠsurrounding	 ﾠcells	 ﾠor,	 ﾠif	 ﾠno	 ﾠother	 ﾠcells	 ﾠare	 ﾠpresent,	 ﾠon	 ﾠa	 ﾠdefault	 ﾠspeed	 ﾠand	 ﾠ
direction.	 ﾠIf	 ﾠthe	 ﾠcell	 ﾠhas	 ﾠbeen	 ﾠpresent	 ﾠfor	 ﾠmore	 ﾠthan	 ﾠa	 ﾠsingle	 ﾠscan,	 ﾠits	 ﾠfuture	 ﾠmotion	 ﾠis	 ﾠ
predicted	 ﾠusing	 ﾠits	 ﾠpast	 ﾠpositions	 ﾠusing	 ﾠa	 ﾠlinear	 ﾠleast	 ﾠsquares	 ﾠextrapolation	 ﾠ(U.S.	 ﾠ
Department	 ﾠof	 ﾠCommerce	 ﾠ2006).	 ﾠProjected	 ﾠpositions	 ﾠare	 ﾠmade	 ﾠin	 ﾠ15-ﾭ‐minute	 ﾠintervals,	 ﾠ
producing	 ﾠ15-ﾭ‐,	 ﾠ30-ﾭ‐,	 ﾠ45-ﾭ‐	 ﾠand	 ﾠ60-ﾭ‐minute	 ﾠforecasts.	 ﾠThe	 ﾠnumber	 ﾠof	 ﾠforecasts	 ﾠproduced	 ﾠis	 ﾠ
determined	 ﾠby	 ﾠthe	 ﾠaccuracy	 ﾠof	 ﾠthe	 ﾠalgorithm	 ﾠin	 ﾠprevious	 ﾠscans	 ﾠ–	 ﾠif	 ﾠthe	 ﾠaccuracy	 ﾠis	 ﾠpoor,	 ﾠ
fewer	 ﾠprojections	 ﾠwill	 ﾠbe	 ﾠmade	 ﾠ(U.S.	 ﾠDepartment	 ﾠof	 ﾠCommerce	 ﾠ2006).	 ﾠ
	 ﾠ
b.	 ﾠ	 ﾠ Previous	 ﾠStudies	 ﾠ
	 ﾠ
	 ﾠ A	 ﾠsimilar	 ﾠstudy	 ﾠto	 ﾠthe	 ﾠpresent	 ﾠone	 ﾠwas	 ﾠdone	 ﾠin	 ﾠlate	 ﾠ1996	 ﾠby	 ﾠJohnson	 ﾠet	 ﾠal.	 ﾠ(1997)	 ﾠto	 ﾠ
analyze	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠthe	 ﾠnewly	 ﾠimplemented	 ﾠSCIT	 ﾠalgorithm.	 ﾠIn	 ﾠthis	 ﾠstudy,	 ﾠthe	 ﾠSCIT	 ﾠ
algorithm	 ﾠwas	 ﾠevaluated	 ﾠon	 ﾠmany	 ﾠfronts	 ﾠsuch	 ﾠas	 ﾠits	 ﾠability	 ﾠto	 ﾠcorrectly	 ﾠidentify	 ﾠstorm	 ﾠcells	 ﾠ
and,	 ﾠmore	 ﾠrelevant	 ﾠhere,	 ﾠits	 ﾠerror	 ﾠin	 ﾠprojecting	 ﾠstorm	 ﾠcell	 ﾠmovement.	 ﾠAnalyses	 ﾠwere	 ﾠ
performed	 ﾠon	 ﾠ898	 ﾠstorm	 ﾠcells	 ﾠthat	 ﾠwere	 ﾠdetected	 ﾠby	 ﾠthe	 ﾠradar	 ﾠfor	 ﾠat	 ﾠleast	 ﾠ2	 ﾠvolume	 ﾠscans	 ﾠ
and	 ﾠthe	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠforecast	 ﾠposition	 ﾠand	 ﾠthe	 ﾠactual	 ﾠposition	 ﾠ(as	 ﾠdetermined	 ﾠby	 ﾠ
the	 ﾠSCIT	 ﾠalgorithm)	 ﾠwas	 ﾠcalculated	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1997).	 ﾠAverages	 ﾠwere	 ﾠcalculated	 ﾠfor	 ﾠeach	 ﾠ
15-ﾭ‐minute	 ﾠinterval	 ﾠforecast.	 ﾠA	 ﾠtable	 ﾠof	 ﾠresults	 ﾠis	 ﾠshown	 ﾠin	 ﾠTable	 ﾠ1.	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠ	 ﾠTable	 ﾠ1	 ﾠ–	 ﾠAverage	 ﾠforecast	 ﾠerror	 ﾠfor	 ﾠgiven	 ﾠlead	 ﾠtimes	 ﾠfor	 ﾠSCIT	 ﾠ	 ﾠ
	 ﾠ algorithm.	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1997)	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ It	 ﾠseems	 ﾠreasonable	 ﾠthat,	 ﾠgiven	 ﾠ898	 ﾠstorms,	 ﾠthis	 ﾠis	 ﾠfairly	 ﾠrepresentative	 ﾠdata	 ﾠfor	 ﾠthe	 ﾠ
performance	 ﾠof	 ﾠthe	 ﾠalgorithm.	 ﾠAnd	 ﾠthese	 ﾠstorms	 ﾠdid	 ﾠcome	 ﾠfrom	 ﾠvarious	 ﾠregions	 ﾠof	 ﾠthe	 ﾠ
country,	 ﾠas	 ﾠshown	 ﾠon	 ﾠthe	 ﾠfollowing	 ﾠpage.	 ﾠHowever,	 ﾠit	 ﾠappears	 ﾠthat	 ﾠthe	 ﾠstorms	 ﾠanalyzed	 ﾠonly	 ﾠ
reach	 ﾠas	 ﾠfar	 ﾠnortheast	 ﾠas	 ﾠVirginia,	 ﾠleaving	 ﾠout	 ﾠa	 ﾠsignificant	 ﾠportion	 ﾠof	 ﾠthe	 ﾠnortheast	 ﾠin	 ﾠthe	 ﾠ
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FIG.1 2 .( a )V o l u m e1 9 7 ,f o u r t he l e v a t i o ns c a n ;an e wc e l li sf o r m i n gt ot h es o u t ho fc e l l1 .( b )V o l u m e1 9 8 ,f o u r t he l e v a t i o n
scan; the new cell is incorrectly time associated with cell 1, which is dissipating. (c) After implementing a 90￿ directional threshold,
this image shows a correctly, newly identiﬁed cell 29.
TABLE 7. Listing of storm structure and tracking attributes. (An
asterisk indicates trend information may be displayed on the PUP.)
Storm structure attributes Tracking attributes
Storm ID
Storm position
Cell-based VIL
*Storm top
*Storm base
Storm ID
Current storm position
Position movement
Forecast positions
Forecast error
*Maximum storm reﬂectivity
*Maximum storm reﬂectivity altitude
TABLE 6. Average forecast error for given forecast lead times for
the SCIT algorithm.
Forecast time
(min)
Number of cells
in sample
Average forecast
error (km)
5
15
30
45
60
898
498
227
109
55
2.0
5.0
9.9
15.2
22.8
algorithm. These large areas of precipitation (e.g., trail-
ing stratiform areas of mesoscale convective systems)
are not storm cells and cannot be accurately tracked
using a centroid-based cell algorithm. An area-based
tracking algorithm, such as those developed by Jackson
and Jesuroga (1995) and Klingle-Wilson et al. (1993),
would be more attuned to tracking these mesoscale fea-
tures. We suggest that future work should include the
development of an area-based tracking element to a pre-
cipitation-tracking algorithm to compliment the cell-
based tracker of SCIT.	 ﾠ
4	 ﾠ
evaluation.	 ﾠOne	 ﾠmotivation	 ﾠfor	 ﾠthe	 ﾠpresent	 ﾠstudy	 ﾠis	 ﾠto	 ﾠincorporate	 ﾠthe	 ﾠnortheast	 ﾠin	 ﾠthis	 ﾠ
analysis	 ﾠas	 ﾠthere	 ﾠare	 ﾠmany	 ﾠhigh-ﾭ‐density	 ﾠpopulation	 ﾠareas	 ﾠthat	 ﾠcould	 ﾠbe	 ﾠimpacted	 ﾠ	 ﾠ
tremendously	 ﾠby	 ﾠstrong	 ﾠthunderstorms,	 ﾠespecially	 ﾠif	 ﾠnot	 ﾠforecasted	 ﾠproperly.	 ﾠ
	 ﾠ
2.	 ﾠ Data	 ﾠSources	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠprimary	 ﾠresources	 ﾠused	 ﾠfor	 ﾠthis	 ﾠanalysis	 ﾠare	 ﾠthe	 ﾠNCDC	 ﾠStorm	 ﾠEvent	 ﾠDatabase,	 ﾠ
archived	 ﾠNCDC	 ﾠNEXRAD	 ﾠData	 ﾠand	 ﾠthe	 ﾠNOAA	 ﾠWeather	 ﾠand	 ﾠClimate	 ﾠToolkit.	 ﾠIn	 ﾠorder	 ﾠto	 ﾠ
obtain	 ﾠa	 ﾠlist	 ﾠof	 ﾠthunderstorms	 ﾠto	 ﾠanalyze,	 ﾠcertain	 ﾠcriteria	 ﾠwere	 ﾠchosen	 ﾠto	 ﾠrestrict	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠpotential	 ﾠstorms	 ﾠto	 ﾠchoose	 ﾠfrom.	 ﾠHere,	 ﾠonly	 ﾠstorms	 ﾠthat	 ﾠwere	 ﾠtornadic	 ﾠin	 ﾠnature	 ﾠ
at	 ﾠsome	 ﾠpoint	 ﾠin	 ﾠtheir	 ﾠlifespan	 ﾠwere	 ﾠanalyzed.	 ﾠThe	 ﾠNCDC	 ﾠStorm	 ﾠEvent	 ﾠDatabase	 ﾠwas	 ﾠused	 ﾠto	 ﾠ
access	 ﾠa	 ﾠlist	 ﾠof	 ﾠrecorded	 ﾠtornadic	 ﾠstorms	 ﾠin	 ﾠboth	 ﾠNew	 ﾠYork	 ﾠand	 ﾠKansas	 ﾠduring	 ﾠthe	 ﾠtime	 ﾠ
period	 ﾠin	 ﾠwhich	 ﾠNEXRAD	 ﾠdata	 ﾠwas	 ﾠavailable	 ﾠ(1994	 ﾠto	 ﾠthe	 ﾠtime	 ﾠof	 ﾠthe	 ﾠanalysis).	 ﾠOnce	 ﾠa	 ﾠlist	 ﾠof	 ﾠ
storms	 ﾠand	 ﾠassociated	 ﾠlocations	 ﾠwas	 ﾠobtained,	 ﾠarchived	 ﾠNEXRAD	 ﾠdata	 ﾠ(specifically,	 ﾠthe	 ﾠ
Storm	 ﾠTracking	 ﾠInformation	 ﾠ(STI),	 ﾠLong	 ﾠRange	 ﾠBase	 ﾠReflectivity	 ﾠ(460	 ﾠkm)	 ﾠand	 ﾠTornado	 ﾠ
Vortex	 ﾠSignature	 ﾠ(TVS)	 ﾠproducts)	 ﾠwere	 ﾠdownloaded	 ﾠand	 ﾠvisualized	 ﾠusing	 ﾠthe	 ﾠNOAA	 ﾠ
Weather	 ﾠand	 ﾠClimate	 ﾠToolkit.	 ﾠThe	 ﾠradar	 ﾠsite	 ﾠchosen	 ﾠfor	 ﾠa	 ﾠparticular	 ﾠcell	 ﾠwas	 ﾠbased	 ﾠon	 ﾠthe	 ﾠ
proximity	 ﾠof	 ﾠthe	 ﾠcell	 ﾠto	 ﾠthe	 ﾠsite	 ﾠ(the	 ﾠclosest	 ﾠsite	 ﾠto	 ﾠthe	 ﾠtown	 ﾠexperiencing	 ﾠthe	 ﾠtornadic	 ﾠevent	 ﾠ
was	 ﾠchosen).	 ﾠUpper	 ﾠlevel	 ﾠwind	 ﾠdata	 ﾠwere	 ﾠobtained	 ﾠfrom	 ﾠthe	 ﾠNCDC	 ﾠService	 ﾠRecords	 ﾠ
Retention	 ﾠSystem	 ﾠ(SRRS)	 ﾠto	 ﾠcompare	 ﾠthunderstorm	 ﾠcell	 ﾠmotion	 ﾠto	 ﾠupper	 ﾠlevel	 ﾠwinds. 
	 ﾠ
3.	 ﾠ	 ﾠ Methodology	 ﾠ
	 ﾠ
a.	 ﾠ	 ﾠ Data	 ﾠCollection	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠprimary	 ﾠgoal	 ﾠof	 ﾠthe	 ﾠstudy	 ﾠwas	 ﾠto	 ﾠcalculate	 ﾠthe	 ﾠerror	 ﾠfor	 ﾠeach	 ﾠforecast	 ﾠinterval	 ﾠof	 ﾠa	 ﾠ
set	 ﾠof	 ﾠthunderstorm	 ﾠcells	 ﾠin	 ﾠNew	 ﾠYork	 ﾠas	 ﾠwell	 ﾠas	 ﾠfor	 ﾠa	 ﾠset	 ﾠin	 ﾠKansas.	 ﾠThis	 ﾠwould	 ﾠprovide	 ﾠan	 ﾠ
average	 ﾠerror	 ﾠfor	 ﾠthe	 ﾠalgorithm’s	 ﾠ15-ﾭ‐,	 ﾠ30-ﾭ‐,	 ﾠ45-ﾭ‐	 ﾠand	 ﾠ60-ﾭ‐minute	 ﾠforecasts,	 ﾠvery	 ﾠsimilar	 ﾠto	 ﾠ
Johnson’s	 ﾠstudy.	 ﾠA	 ﾠsecondary	 ﾠgoal	 ﾠwas	 ﾠto	 ﾠverify	 ﾠthe	 ﾠalgorithm’s	 ﾠimprovement	 ﾠwith	 ﾠtime	 ﾠ
with	 ﾠrespect	 ﾠto	 ﾠa	 ﾠparticular	 ﾠthunderstorm	 ﾠcell.	 ﾠThis	 ﾠseems	 ﾠlike	 ﾠa	 ﾠreasonable	 ﾠbehavior	 ﾠto	 ﾠ
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TABLE 2. Cases chosen for the SCIT algorithm evaluation and their storm type.
Radar and city Date
Total # human-
veriﬁed cells Storm type
KFDR, Frederick, OK
KOUN, Norman, OK
KMLB, Melborne, FL
KMLB, Melborne, FL
KMLB, Melborne, FL
20 April 1992
2S e p t e m b e r1 9 9 2
25 March 1992
9J u n e1 9 9 2
12 June 1992
368
473
734
591
580
Isolated severe
Isolated severe
MCS
Isolated nonsevere
Isolated nonsevere
KLSX, St. Louis, MO
KLSX, St. Louis, MO
KTLX, Oklahoma City, OK
8J u n e1 9 9 3
2J u l y1 9 9 3
18 June 1992
512
325
147
MCS/Line
Line
Isolated severe
KTLX, Oklahoma City, OK
KIWA, Phoenix, AZ
KIWA, Phoenix, AZ
KLWX, Sterling, VA
KLWX, Sterling, VA
21 February 1994
6A u g u s t1 9 9 3
20 August 1993
14 April 1993
1M a y1 9 9 4
116
867
832
282
218
Stratiform
Isolated severe
Isolated severe
Minisupercell
Minisupercell
KLWX, Sterling, VA
KCBX, Boise, ID
KBIS, Bismark, ND
KBIS, Bismark, ND
Total
6O c t o b e r1 9 9 5
1M a y1 9 9 5
21 May 1995
7J u n e1 9 9 5
237
129
152
235
6561
Minisupercell
Isolated severe
Isolated nonsevere
MCS/Line
the scenarios that the algorithm must successfully han-
dle for deployment in the nationwide WSR-88D net-
work. Isolated storms were subdivided into severe and
nonsevere because severe storms tend to be much larger
and have a multicellular structure. MCSs and lines were
combined into one category because they represent the
same problem to the algorithm: closely spaced cells that
often evolve quickly with motion typically different
from that of the entire complex. Minisupercells were
made a separate category to demonstrate algorithm per-
formance on ‘‘nonclassic’’ type of isolated severe
storms. Stratiform cases were used in the evaluation
simply to demonstrate the algorithm’s limitation for this
type of scenario.
Table 2 lists the cases and their classiﬁcations. Each
case is comprised of about 1 h of data.
The veriﬁcation set for each case was determined
through visual inspection of the radar data. After dis-
cussions with many operational and research meteor-
ologists, a set of veriﬁcation rules was developed. An
area of reﬂectivity was considered a storm cell if:
1) it had a maximum reﬂectivity of at least 30 dBZ,
2) it had a horizontal 30-dBZ area of at least 5 km2 on
at least one elevation scan,
3) its estimated 3D mass-weighted centroid was sepa-
rated from other centroids by at least 5 km, and
4) the area was separated from other areas by a local
minimum at least 10 dBZ lower than the maximum
within the area.
Note that these rules do not include a criterion for depth.
Thus, if an area of reﬂectivity meets all of the above
criteria on at least one elevation scan, the area is con-
sidered a storm cell for veriﬁcation purposes. The SCIT
algorithm requires that an area of reﬂectivity meet size
and intensity criteria on at least two consecutive ele-
vation scans to be declared a storm cell. This algorithm
requirement is to avoid identiﬁcation of ground clutter
as storm cells; however, this can also cause shallowcells
to be missed. We will discuss the impact this has on the
performance results later.
Using NSSL’s Radar Algorithm and Display Software
(Sanger et al. 1995), radar meteorologists examined re-
ﬂectivity data in accordance with the veriﬁcation rules.
Both composite reﬂectivity data and individual eleva-
tion scans were used to verify which areas of reﬂectivity
were cells. The 30-dBZ area and the horizontal location
of the 3D mass weighted centroid for each veriﬁcation
cell were estimated using the composite reﬂectivity
ﬁeld. The 30-dBZ area was estimated using a circular
approximation with the radius of the estimated circle
being recorded for veriﬁcation. The maximum reﬂec-
tivity value, azimuth, and range were also recorded for
each storm cell. These characteristics constitute the ver-
iﬁcation set for each case. Both the SCIT algorithm and
the WSR-88D storm series algorithm were run using
the default algorithm settings (see appendix A for SCIT
settings). The horizontal location (azimuth and range)
of each algorithm-identiﬁed storm cell was then com-
pared to the veriﬁcation dataset.
Figure 8 shows the method to determine hits, false
alarms, and misses. If an algorithm detection exists
within the radius of a human-veriﬁed cell, the detection
is declared a ‘‘hit.’’ Conversely, if a veriﬁed cell does
not have an associated algorithm detection, the algo-
rithm is assessed a ‘‘miss.’’ If an algorithm detection
exists outside of all veriﬁed cells’ radii, the detection
is declared a ‘‘false alarm.’’
The algorithm’s output as compared to theveriﬁcation
dataset, and the probability of detection and false alarm
rate (Wilks 1995) was calculated for each storm type
and in total. Table 3 presents the results of the SCIT
performance evaluation. The results show that cells
above 40 dBZ have a 68% chance of being detected and
Table	 ﾠ2	 ﾠ–	 ﾠLocations	 ﾠof	 ﾠanalyzed	 ﾠstorms	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1997)	 ﾠ	 ﾠ
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expect	 ﾠgiven	 ﾠthat	 ﾠthe	 ﾠforecast	 ﾠtrack	 ﾠfor	 ﾠa	 ﾠcontinuing	 ﾠcell	 ﾠis	 ﾠbased	 ﾠon	 ﾠprevious	 ﾠmotion	 ﾠ(U.S.	 ﾠ
Department	 ﾠof	 ﾠCommerce	 ﾠ2006).	 ﾠFirst,	 ﾠthough,	 ﾠthe	 ﾠstorms	 ﾠto	 ﾠbe	 ﾠanalyzed	 ﾠhad	 ﾠto	 ﾠbe	 ﾠchosen	 ﾠ
from	 ﾠthe	 ﾠStorm	 ﾠEvent	 ﾠDatabase	 ﾠlist.	 ﾠ	 ﾠ
	 ﾠ Tornadic	 ﾠthunderstorm	 ﾠcells	 ﾠin	 ﾠNew	 ﾠYork	 ﾠfrom	 ﾠ1994	 ﾠ–	 ﾠ2011	 ﾠwere	 ﾠlimited	 ﾠin	 ﾠnumber	 ﾠ
and	 ﾠsome	 ﾠdid	 ﾠnot	 ﾠhave	 ﾠsufficient	 ﾠdata	 ﾠin	 ﾠthe	 ﾠNEXRAD	 ﾠarchive	 ﾠdata.	 ﾠForty-ﾭ‐eight	 ﾠstorms	 ﾠwere	 ﾠ
chosen	 ﾠunder	 ﾠthe	 ﾠcondition	 ﾠthat	 ﾠthe	 ﾠcell	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠtornado	 ﾠcould	 ﾠbe	 ﾠidentified	 ﾠ
with	 ﾠsufficient	 ﾠconfidence	 ﾠby	 ﾠcomparison	 ﾠof	 ﾠSTI	 ﾠidentified	 ﾠcells	 ﾠto	 ﾠradar	 ﾠimages	 ﾠand	 ﾠ
tornadic	 ﾠsignatures.	 ﾠWithout	 ﾠclear	 ﾠoverlap	 ﾠof	 ﾠat	 ﾠleast	 ﾠ2	 ﾠof	 ﾠthe	 ﾠfeatures	 ﾠ(either	 ﾠoverlap	 ﾠ
between	 ﾠthe	 ﾠSTI	 ﾠidentified	 ﾠcell	 ﾠand	 ﾠa	 ﾠrelatively	 ﾠisolated	 ﾠreflectivity-ﾭ‐based	 ﾠstorm	 ﾠcell	 ﾠor	 ﾠ
between	 ﾠthe	 ﾠSTI	 ﾠidentified	 ﾠcell	 ﾠand	 ﾠthe	 ﾠassociated	 ﾠTVS),	 ﾠa	 ﾠtornadic	 ﾠevent	 ﾠwas	 ﾠexcluded	 ﾠfrom	 ﾠ
the	 ﾠset.	 ﾠMore	 ﾠgenerally,	 ﾠstorms	 ﾠwith	 ﾠlonger	 ﾠtracks	 ﾠwere	 ﾠchosen	 ﾠin	 ﾠorder	 ﾠto	 ﾠmaximize	 ﾠthe	 ﾠ
data	 ﾠobtainable	 ﾠfrom	 ﾠeach	 ﾠstorm	 ﾠcell.	 ﾠKansas	 ﾠstorms	 ﾠwere	 ﾠmore	 ﾠnumerous	 ﾠand	 ﾠeasier	 ﾠto	 ﾠ
find,	 ﾠbut	 ﾠthe	 ﾠsame	 ﾠcriteria	 ﾠwere	 ﾠapplied.	 ﾠWith	 ﾠthese	 ﾠconditions	 ﾠsatisfied,	 ﾠcurrent	 ﾠand	 ﾠ
forecast	 ﾠstorm	 ﾠpositions	 ﾠwere	 ﾠplotted	 ﾠusing	 ﾠthe	 ﾠtoolkit	 ﾠas	 ﾠshown	 ﾠin	 ﾠfigure	 ﾠ1.	 ﾠ	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ 	 ﾠ 	 ﾠ 	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
The	 ﾠletter-ﾭ‐number	 ﾠcombination	 ﾠis	 ﾠthe	 ﾠcell	 ﾠID,	 ﾠthe	 ﾠplotted	 ﾠpoints	 ﾠgive	 ﾠlatitude	 ﾠand	 ﾠlongitude,	 ﾠ
“P”	 ﾠrepresents	 ﾠa	 ﾠprojected	 ﾠposition,	 ﾠ“A”	 ﾠrepresents	 ﾠan	 ﾠactual	 ﾠposition,	 ﾠa	 ﾠnumber	 ﾠ(15,	 ﾠ30,	 ﾠ
etc.)	 ﾠindicates	 ﾠthe	 ﾠlead-ﾭ‐time	 ﾠand	 ﾠwhite	 ﾠlines	 ﾠsimply	 ﾠconnect	 ﾠforecast	 ﾠpositions.	 ﾠThese	 ﾠ
latitude-ﾭ‐longitude	 ﾠvalues	 ﾠwere	 ﾠmanually	 ﾠtyped	 ﾠinto	 ﾠa	 ﾠtext	 ﾠdocument	 ﾠthat	 ﾠwas	 ﾠlater	 ﾠread	 ﾠin	 ﾠ
by	 ﾠa	 ﾠFORTRAN	 ﾠprogram	 ﾠto	 ﾠcalculate	 ﾠerrors	 ﾠand	 ﾠother	 ﾠparameters.	 ﾠ
	 ﾠ Unfortunately,	 ﾠthis	 ﾠprocess	 ﾠdid	 ﾠintroduce	 ﾠsome	 ﾠerror	 ﾠbecause	 ﾠthe	 ﾠradar	 ﾠvolume	 ﾠscans	 ﾠ
were	 ﾠnot	 ﾠconsistently	 ﾠperformed	 ﾠin	 ﾠterms	 ﾠof	 ﾠfrequency.	 ﾠIn	 ﾠthe	 ﾠideal	 ﾠcase,	 ﾠscans	 ﾠwere	 ﾠdone	 ﾠ
every	 ﾠ5	 ﾠminutes,	 ﾠeasily	 ﾠallowing	 ﾠcollection	 ﾠof	 ﾠactual	 ﾠcell	 ﾠpositions	 ﾠat	 ﾠ15-ﾭ‐minute	 ﾠintervals.	 ﾠ
Due	 ﾠto	 ﾠthe	 ﾠinconsistency,	 ﾠsome	 ﾠestimation	 ﾠwas	 ﾠinvolved	 ﾠin	 ﾠidentifying	 ﾠactual	 ﾠcell	 ﾠlocations.	 ﾠ
In	 ﾠthe	 ﾠcase	 ﾠthat	 ﾠa	 ﾠvolume	 ﾠscan	 ﾠonly	 ﾠdiffered	 ﾠby	 ﾠ1	 ﾠminute	 ﾠfrom	 ﾠthe	 ﾠdesired	 ﾠtime	 ﾠof	 ﾠcell	 ﾠ
identification,	 ﾠthe	 ﾠposition	 ﾠgiven	 ﾠby	 ﾠthe	 ﾠSTI	 ﾠproduct	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠthe	 ﾠvolume	 ﾠscan	 ﾠwas	 ﾠ
used	 ﾠfor	 ﾠthe	 ﾠidentification	 ﾠof	 ﾠthe	 ﾠactual	 ﾠstorm	 ﾠposition	 ﾠfor	 ﾠthe	 ﾠdesired	 ﾠinterval.	 ﾠFor	 ﾠexample,	 ﾠ
if	 ﾠa	 ﾠstorm	 ﾠwere	 ﾠinitially	 ﾠidentified	 ﾠat	 ﾠ00Z	 ﾠwith	 ﾠassociated	 ﾠ15-ﾭ‐minute	 ﾠinterval	 ﾠforecasts,	 ﾠ
there	 ﾠwould	 ﾠbe	 ﾠ(at	 ﾠbest)	 ﾠa	 ﾠforecast	 ﾠposition	 ﾠfor	 ﾠthe	 ﾠstorm	 ﾠat	 ﾠ00:15Z,	 ﾠ00:30Z,	 ﾠ00:45Z	 ﾠand	 ﾠ
01:00Z.	 ﾠTo	 ﾠobtain	 ﾠthe	 ﾠactual	 ﾠposition	 ﾠof	 ﾠthe	 ﾠcell	 ﾠat	 ﾠ00:15Z	 ﾠand	 ﾠevaluate	 ﾠthe	 ﾠ15-ﾭ‐minute	 ﾠ
Figure	 ﾠ1	 ﾠ–	 ﾠRecording	 ﾠmethodology	 ﾠusing	 ﾠNOAA	 ﾠWeather	 ﾠand	 ﾠClimate	 ﾠToolkit	 ﾠ	 ﾠ
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projection	 ﾠwould	 ﾠrequire	 ﾠa	 ﾠvolume	 ﾠscan	 ﾠat	 ﾠ00:15Z.	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠthat	 ﾠthe	 ﾠclosest	 ﾠavailable	 ﾠ
volume	 ﾠscan	 ﾠwas	 ﾠat	 ﾠ00:16Z,	 ﾠthe	 ﾠactual	 ﾠcell	 ﾠlocation	 ﾠindicated	 ﾠon	 ﾠthis	 ﾠvolume	 ﾠscan	 ﾠwas	 ﾠtaken	 ﾠ
as	 ﾠthe	 ﾠactual	 ﾠposition	 ﾠof	 ﾠthe	 ﾠcell	 ﾠfor	 ﾠthe	 ﾠ15-ﾭ‐minute	 ﾠforecast.	 ﾠIn	 ﾠthe	 ﾠcase	 ﾠthat	 ﾠthere	 ﾠwas	 ﾠmore	 ﾠ
than	 ﾠa	 ﾠone	 ﾠminute	 ﾠdiscrepancy	 ﾠbetween	 ﾠavailable	 ﾠand	 ﾠdesired	 ﾠvolume	 ﾠscans,	 ﾠthe	 ﾠactual	 ﾠcell	 ﾠ
locations	 ﾠwere	 ﾠestimated	 ﾠunder	 ﾠthe	 ﾠassumption	 ﾠthat	 ﾠcells	 ﾠmoved	 ﾠat	 ﾠa	 ﾠconstant	 ﾠspeed	 ﾠwithin	 ﾠ
a	 ﾠshort	 ﾠ(~5	 ﾠminute)	 ﾠinterval.	 ﾠSo,	 ﾠfollowing	 ﾠthe	 ﾠaforementioned	 ﾠexample,	 ﾠif	 ﾠthe	 ﾠonly	 ﾠ
available	 ﾠvolume	 ﾠscans	 ﾠwere	 ﾠat	 ﾠ00:13Z	 ﾠand	 ﾠ00:17Z,	 ﾠthe	 ﾠpositions	 ﾠof	 ﾠthe	 ﾠcell	 ﾠat	 ﾠthese	 ﾠtimes	 ﾠ
were	 ﾠmarked	 ﾠand	 ﾠthen	 ﾠa	 ﾠvisual	 ﾠmidpoint	 ﾠwas	 ﾠlabeled	 ﾠas	 ﾠthe	 ﾠactual	 ﾠposition	 ﾠfor	 ﾠthe	 ﾠ15	 ﾠ
minute	 ﾠforecast.	 ﾠ
	 ﾠ Additionally,	 ﾠdepending	 ﾠon	 ﾠthe	 ﾠaccuracy	 ﾠof	 ﾠprevious	 ﾠforecast	 ﾠpositions,	 ﾠa	 ﾠcell	 ﾠmay	 ﾠnot	 ﾠ
have	 ﾠall	 ﾠfour	 ﾠ15-ﾭ‐minute	 ﾠinterval	 ﾠforecast	 ﾠpositions	 ﾠavailable.	 ﾠFor	 ﾠexample,	 ﾠsome	 ﾠcells	 ﾠhad	 ﾠ
all	 ﾠfour	 ﾠforecast	 ﾠpositions	 ﾠproduced	 ﾠby	 ﾠthe	 ﾠalgorithm,	 ﾠbut	 ﾠothers	 ﾠonly	 ﾠhad	 ﾠ15-ﾭ‐	 ﾠand	 ﾠ30-ﾭ‐
minute	 ﾠprojections	 ﾠif	 ﾠthe	 ﾠStorm	 ﾠPosition	 ﾠForecast	 ﾠalgorithm	 ﾠwas	 ﾠhaving	 ﾠtrouble	 ﾠwith	 ﾠ
forecasting	 ﾠthe	 ﾠcell’s	 ﾠpositions.	 ﾠIn	 ﾠother	 ﾠcases,	 ﾠlater	 ﾠvolume	 ﾠscans	 ﾠdid	 ﾠnot	 ﾠproduce	 ﾠ
projections	 ﾠwhen	 ﾠthe	 ﾠcell	 ﾠwas	 ﾠno	 ﾠlonger	 ﾠidentified	 ﾠby	 ﾠthe	 ﾠSCIT	 ﾠalgorithm.	 ﾠSpecifically,	 ﾠin	 ﾠ
this	 ﾠdata	 ﾠset,	 ﾠthere	 ﾠare	 ﾠ218	 ﾠ15-ﾭ‐minute,	 ﾠ186	 ﾠ30-ﾭ‐minute,	 ﾠ150	 ﾠ45-ﾭ‐minute	 ﾠand	 ﾠ117	 ﾠ60-ﾭ‐minute	 ﾠ
forecast-ﾭ‐actual	 ﾠlocation	 ﾠpairs.	 ﾠ
	 ﾠ In	 ﾠorder	 ﾠto	 ﾠevaluate	 ﾠthe	 ﾠchange	 ﾠin	 ﾠforecast	 ﾠaccuracy	 ﾠover	 ﾠtime	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠan	 ﾠ
identified	 ﾠcell,	 ﾠconsecutive	 ﾠvolume	 ﾠscans	 ﾠwere	 ﾠanalyzed.	 ﾠIn	 ﾠparticular,	 ﾠif	 ﾠthe	 ﾠanalysis	 ﾠin	 ﾠ
figure	 ﾠ1	 ﾠrepresents	 ﾠthe	 ﾠinitial	 ﾠset	 ﾠof	 ﾠforecast	 ﾠpositions	 ﾠfor	 ﾠa	 ﾠparticular	 ﾠcell,	 ﾠa	 ﾠvolume	 ﾠscan	 ﾠ3	 ﾠ
scans	 ﾠlater	 ﾠwas	 ﾠloaded	 ﾠusing	 ﾠthe	 ﾠNOAA	 ﾠToolkit	 ﾠand	 ﾠmarked	 ﾠin	 ﾠthe	 ﾠsame	 ﾠmanner.	 ﾠFollowing	 ﾠ
this,	 ﾠa	 ﾠvolume	 ﾠscan	 ﾠ3	 ﾠscans	 ﾠafter	 ﾠthis	 ﾠone	 ﾠwas	 ﾠloaded	 ﾠand	 ﾠonce	 ﾠagain	 ﾠmarked	 ﾠand	 ﾠso	 ﾠon	 ﾠuntil	 ﾠ
5	 ﾠsets	 ﾠof	 ﾠforecasts	 ﾠwere	 ﾠobtained	 ﾠfor	 ﾠthe	 ﾠcell	 ﾠ(an	 ﾠinitial	 ﾠscan	 ﾠand	 ﾠthen	 ﾠ3,	 ﾠ6,	 ﾠ9	 ﾠand	 ﾠ12	 ﾠvolume	 ﾠ
scans	 ﾠout).	 ﾠThese	 ﾠscans	 ﾠwill	 ﾠbe	 ﾠreferenced	 ﾠas	 ﾠthe	 ﾠinitial	 ﾠscan,	 ﾠscan	 ﾠ1,	 ﾠscan	 ﾠ2,	 ﾠscan	 ﾠ3	 ﾠand	 ﾠscan	 ﾠ
4	 ﾠfrom	 ﾠhere	 ﾠon	 ﾠout.	 ﾠThe	 ﾠchoice	 ﾠof	 ﾠ3	 ﾠvolume	 ﾠscans	 ﾠbetween	 ﾠsampling	 ﾠtimes	 ﾠwas	 ﾠfairly	 ﾠ
arbitrary	 ﾠbut	 ﾠgave	 ﾠsufficient	 ﾠtime	 ﾠfor	 ﾠthe	 ﾠalgorithm	 ﾠto	 ﾠaccumulate	 ﾠa	 ﾠhistory	 ﾠof	 ﾠcell	 ﾠmotion	 ﾠ
on	 ﾠwhich	 ﾠto	 ﾠbase	 ﾠfuture	 ﾠprojections	 ﾠand	 ﾠkept	 ﾠthe	 ﾠtime	 ﾠshort	 ﾠenough	 ﾠto	 ﾠtrack	 ﾠa	 ﾠcell	 ﾠover	 ﾠ
numerous	 ﾠtime	 ﾠintervals	 ﾠbefore	 ﾠit	 ﾠweakened/was	 ﾠno	 ﾠlonger	 ﾠidentified	 ﾠby	 ﾠthe	 ﾠalgorithm.	 ﾠ	 ﾠ
	 ﾠ In	 ﾠsummary,	 ﾠthe	 ﾠvalues	 ﾠrecorded	 ﾠfor	 ﾠeach	 ﾠstorm	 ﾠcell	 ﾠand	 ﾠfor	 ﾠeach	 ﾠscan	 ﾠwere	 ﾠthe	 ﾠtime	 ﾠof	 ﾠ
the	 ﾠvolume	 ﾠscan,	 ﾠthe	 ﾠdBZ	 ﾠvalue	 ﾠof	 ﾠthe	 ﾠcell	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠthe	 ﾠvolume	 ﾠscan	 ﾠand	 ﾠthe	 ﾠ
coordinates	 ﾠof	 ﾠthe	 ﾠstarting	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠstorm	 ﾠcell,	 ﾠ15-ﾭ‐minute	 ﾠinterval	 ﾠprojections	 ﾠof	 ﾠthe	 ﾠ
cell,	 ﾠactual	 ﾠpositions	 ﾠof	 ﾠthe	 ﾠcell	 ﾠat	 ﾠthese	 ﾠintervals,	 ﾠand	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠradar	 ﾠsite	 ﾠused.	 ﾠ	 ﾠ
	 ﾠ
b.	 ﾠ	 ﾠ Calculations	 ﾠ
	 ﾠ
	 ﾠ Once	 ﾠall	 ﾠof	 ﾠthe	 ﾠdata	 ﾠwas	 ﾠrecorded,	 ﾠa	 ﾠMATLAB	 ﾠprogram	 ﾠwas	 ﾠwritten	 ﾠto	 ﾠcalculate	 ﾠa	 ﾠ
number	 ﾠof	 ﾠvalues.	 ﾠThese	 ﾠvalues	 ﾠwere	 ﾠthe	 ﾠ15-ﾭ‐,	 ﾠ30-ﾭ‐,	 ﾠ45-ﾭ‐	 ﾠand	 ﾠ60-ﾭ‐minute	 ﾠerror	 ﾠfor	 ﾠeach	 ﾠstorm	 ﾠ
cell	 ﾠtracked,	 ﾠthe	 ﾠdistance	 ﾠbetween	 ﾠthe	 ﾠstorm	 ﾠcell	 ﾠand	 ﾠthe	 ﾠradar	 ﾠsite	 ﾠused	 ﾠto	 ﾠtrack	 ﾠit,	 ﾠthe	 ﾠ
directional	 ﾠerror	 ﾠ(i.e.,	 ﾠwhere	 ﾠa	 ﾠcell	 ﾠended	 ﾠup	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠits	 ﾠprojected	 ﾠlocation)	 ﾠand	 ﾠthe	 ﾠ
projected	 ﾠand	 ﾠactual	 ﾠspeeds	 ﾠof	 ﾠthe	 ﾠcell	 ﾠover	 ﾠeach	 ﾠ15-ﾭ‐minute	 ﾠinterval.	 ﾠTo	 ﾠcalculate	 ﾠthe	 ﾠ
errors,	 ﾠthe	 ﾠnorth-ﾭ‐south	 ﾠand	 ﾠeast-ﾭ‐west	 ﾠdistances	 ﾠbetween	 ﾠthe	 ﾠcoordinates	 ﾠof	 ﾠthe	 ﾠprojected	 ﾠ
and	 ﾠactual	 ﾠcell	 ﾠpositions	 ﾠwere	 ﾠfound	 ﾠand	 ﾠthen	 ﾠmultiplied	 ﾠby	 ﾠa	 ﾠfactor	 ﾠrepresenting	 ﾠthe	 ﾠ
number	 ﾠof	 ﾠkilometers	 ﾠper	 ﾠdegree	 ﾠof	 ﾠlatitude	 ﾠor	 ﾠlongitude	 ﾠas	 ﾠappropriate.	 ﾠThen	 ﾠthe	 ﾠ
Pythagorean	 ﾠtheorem	 ﾠwas	 ﾠsimply	 ﾠapplied	 ﾠto	 ﾠobtain	 ﾠa	 ﾠstraight-ﾭ‐line	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠ
two	 ﾠlocations.	 ﾠThe	 ﾠdistance	 ﾠto	 ﾠthe	 ﾠradar	 ﾠsite	 ﾠwas	 ﾠcalculated	 ﾠin	 ﾠthe	 ﾠsame	 ﾠmanner.	 ﾠThe	 ﾠ
directional	 ﾠerror	 ﾠwas	 ﾠcalculated	 ﾠbased	 ﾠon	 ﾠthe	 ﾠsine	 ﾠof	 ﾠthe	 ﾠangle	 ﾠbetween	 ﾠthe	 ﾠnorth-ﾭ‐south	 ﾠ	 ﾠ
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error	 ﾠand	 ﾠthe	 ﾠabsolute	 ﾠerror	 ﾠ(the	 ﾠhypotenuse	 ﾠof	 ﾠthe	 ﾠtriangle	 ﾠformed	 ﾠby	 ﾠthe	 ﾠerror	 ﾠ
components).	 ﾠIt	 ﾠdescribes	 ﾠwhere	 ﾠa	 ﾠcell	 ﾠended	 ﾠup	 ﾠrelative	 ﾠto	 ﾠits	 ﾠprojected	 ﾠposition,	 ﾠeither	 ﾠN,	 ﾠ
NE,	 ﾠE,	 ﾠSE,	 ﾠS,	 ﾠSW,	 ﾠW	 ﾠor	 ﾠNW.	 ﾠThe	 ﾠcalculation	 ﾠof	 ﾠactual	 ﾠspeed/projected	 ﾠspeed	 ﾠwas	 ﾠdone	 ﾠby	 ﾠ
taking	 ﾠthe	 ﾠdistance	 ﾠthe	 ﾠcell	 ﾠtraveled/was	 ﾠprojected	 ﾠto	 ﾠtravel	 ﾠ(again,	 ﾠfound	 ﾠusing	 ﾠthe	 ﾠ
Pythagorean	 ﾠtheorem)	 ﾠand	 ﾠdividing	 ﾠby	 ﾠthe	 ﾠtime	 ﾠof	 ﾠtravel	 ﾠ(15	 ﾠminutes	 ﾠin	 ﾠeach	 ﾠcase)	 ﾠand	 ﾠ
converted	 ﾠinto	 ﾠmeters/second.	 ﾠAll	 ﾠof	 ﾠthese	 ﾠvalues	 ﾠwere	 ﾠcalculated	 ﾠwith	 ﾠboth	 ﾠthe	 ﾠNew	 ﾠYork	 ﾠ
and	 ﾠKansas	 ﾠstorm	 ﾠsets,	 ﾠbut	 ﾠonly	 ﾠthe	 ﾠraw	 ﾠerrors	 ﾠand	 ﾠdirectional	 ﾠerrors	 ﾠwere	 ﾠanalyzed	 ﾠin	 ﾠthe	 ﾠ
Kansas	 ﾠdata	 ﾠdue	 ﾠto	 ﾠtime	 ﾠrestrictions	 ﾠand	 ﾠthe	 ﾠsignificance	 ﾠof	 ﾠthe	 ﾠfindings	 ﾠcalculated	 ﾠfirst	 ﾠin	 ﾠ
the	 ﾠNew	 ﾠYork	 ﾠset.	 ﾠ
	 ﾠ
c.	 ﾠ	 ﾠ Correlations	 ﾠ
	 ﾠ
	 ﾠ In	 ﾠaddition	 ﾠto	 ﾠthe	 ﾠraw	 ﾠerrors,	 ﾠmany	 ﾠvalues	 ﾠwere	 ﾠcompared	 ﾠin	 ﾠorder	 ﾠto	 ﾠlook	 ﾠfor	 ﾠ
correlations	 ﾠbetween	 ﾠvariables.	 ﾠThese	 ﾠcomparisons	 ﾠwere	 ﾠerror	 ﾠversus	 ﾠlead-ﾭ‐time,	 ﾠdistance	 ﾠ
to	 ﾠradar	 ﾠsite,	 ﾠyear,	 ﾠdBZ	 ﾠvalue	 ﾠand	 ﾠtime	 ﾠof	 ﾠday	 ﾠand	 ﾠstorm	 ﾠmotion	 ﾠversus	 ﾠupper	 ﾠlevel	 ﾠwinds.	 ﾠ
The	 ﾠcomparison	 ﾠof	 ﾠerror	 ﾠto	 ﾠlead-ﾭ‐time	 ﾠis	 ﾠone	 ﾠrelationship	 ﾠthat	 ﾠJohnson	 ﾠanalyzed	 ﾠin	 ﾠhis	 ﾠ1996	 ﾠ
study	 ﾠso	 ﾠthe	 ﾠcurrent	 ﾠvalues	 ﾠwill	 ﾠbe	 ﾠan	 ﾠupdate	 ﾠas	 ﾠwell	 ﾠas	 ﾠa	 ﾠlook	 ﾠinto	 ﾠvalues	 ﾠfor	 ﾠthe	 ﾠNortheast.	 ﾠ
Distance	 ﾠto	 ﾠthe	 ﾠradar	 ﾠsite	 ﾠwas	 ﾠlooked	 ﾠat	 ﾠto	 ﾠsee	 ﾠif	 ﾠgreater	 ﾠdistances	 ﾠgave	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠ
more	 ﾠdifficulty	 ﾠsince	 ﾠthe	 ﾠenergy	 ﾠfrom	 ﾠa	 ﾠradar	 ﾠbeam	 ﾠspreads	 ﾠout	 ﾠwith	 ﾠlonger	 ﾠdistances.	 ﾠThe	 ﾠ
year	 ﾠwas	 ﾠlooked	 ﾠat	 ﾠto	 ﾠsee	 ﾠif	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠimproved	 ﾠwith	 ﾠupdates,	 ﾠspecifically	 ﾠthe	 ﾠ
Radar	 ﾠProduct	 ﾠGenerator	 ﾠupdate	 ﾠthat	 ﾠwas	 ﾠreleased	 ﾠin	 ﾠSeptember	 ﾠ2004	 ﾠ(U.S.	 ﾠDepartment	 ﾠof	 ﾠ
Commerce	 ﾠ2006).	 ﾠThe	 ﾠstorm	 ﾠmotion	 ﾠversus	 ﾠupper	 ﾠlevel	 ﾠwind	 ﾠwas	 ﾠanalyzed	 ﾠin	 ﾠan	 ﾠattempt	 ﾠto	 ﾠ
see	 ﾠwhich	 ﾠlevel	 ﾠof	 ﾠthe	 ﾠatmosphere	 ﾠhad	 ﾠthe	 ﾠgreatest	 ﾠimpact	 ﾠon	 ﾠthe	 ﾠmotion	 ﾠof	 ﾠthunderstorm	 ﾠ
cells.	 ﾠThough	 ﾠany	 ﾠcorrelations	 ﾠcertainly	 ﾠdo	 ﾠnot	 ﾠguarantee	 ﾠcausation,	 ﾠthey	 ﾠcan	 ﾠlead	 ﾠto	 ﾠ
important	 ﾠrelationships	 ﾠin	 ﾠthe	 ﾠbehavior	 ﾠof	 ﾠsevere	 ﾠthunderstorm	 ﾠcells.	 ﾠ
	 ﾠ
4.	 ﾠ	 ﾠ Results	 ﾠand	 ﾠDiscussion	 ﾠ
	 ﾠ
a.	 ﾠ Error	 ﾠversus	 ﾠTime	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠresults	 ﾠof	 ﾠthe	 ﾠaverage	 ﾠcalculated	 ﾠerror	 ﾠvalues	 ﾠare	 ﾠshown	 ﾠin	 ﾠtable	 ﾠ3	 ﾠbelow.	 ﾠNot	 ﾠ
surprisingly,	 ﾠerror	 ﾠvalues	 ﾠdo	 ﾠincrease	 ﾠwith	 ﾠincreased	 ﾠlead-ﾭ‐time.	 ﾠLonger-ﾭ‐term	 ﾠforecasts	 ﾠ
allow	 ﾠmore	 ﾠtime	 ﾠfor	 ﾠfactors	 ﾠaffecting	 ﾠthunderstorm	 ﾠmotion	 ﾠto	 ﾠchange.	 ﾠThis	 ﾠis	 ﾠunchanged	 ﾠ
from	 ﾠJohnson’s	 ﾠstudy.	 ﾠThe	 ﾠmagnitudes,	 ﾠhowever,	 ﾠare	 ﾠsignificantly	 ﾠdifferent	 ﾠfrom	 ﾠthose	 ﾠin	 ﾠ
Johnson’s	 ﾠstudy	 ﾠwith	 ﾠreductions	 ﾠin	 ﾠerror	 ﾠof	 ﾠup	 ﾠto	 ﾠ6km.	 ﾠThe	 ﾠsecond	 ﾠimportant	 ﾠresult	 ﾠseen	 ﾠ
from	 ﾠthis	 ﾠtable	 ﾠis	 ﾠthe	 ﾠimprovement	 ﾠin	 ﾠforecasts	 ﾠover	 ﾠtime.	 ﾠThe	 ﾠlargest	 ﾠforecast	 ﾠerror	 ﾠtends	 ﾠ
to	 ﾠoccur	 ﾠearlier	 ﾠin	 ﾠthe	 ﾠtrack	 ﾠ(i.e.,	 ﾠthe	 ﾠearliest	 ﾠscan)	 ﾠwhen	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠhas	 ﾠa	 ﾠshorter	 ﾠ
time	 ﾠperiod	 ﾠover	 ﾠwhich	 ﾠa	 ﾠcell	 ﾠhas	 ﾠbeen	 ﾠtracked.	 ﾠThis	 ﾠsupports	 ﾠthe	 ﾠidea	 ﾠthat	 ﾠthe	 ﾠalgorithm	 ﾠ
does	 ﾠuse	 ﾠaccumulated	 ﾠhistory	 ﾠof	 ﾠa	 ﾠcell’s	 ﾠmotion	 ﾠin	 ﾠits	 ﾠprojections	 ﾠsuccessfully.	 ﾠAnother	 ﾠ
result	 ﾠapparent	 ﾠfrom	 ﾠcomparison	 ﾠof	 ﾠthe	 ﾠtables	 ﾠis	 ﾠthat	 ﾠthe	 ﾠperformance	 ﾠof	 ﾠthe	 ﾠalgorithm	 ﾠis,	 ﾠ
qualitatively	 ﾠspeaking,	 ﾠoverall	 ﾠworse	 ﾠin	 ﾠKansas	 ﾠthan	 ﾠin	 ﾠNew	 ﾠYork.	 ﾠTo	 ﾠtest	 ﾠfor	 ﾠsignificance,	 ﾠa	 ﾠ
t	 ﾠtest	 ﾠwas	 ﾠconducted	 ﾠafter	 ﾠnecessarily	 ﾠchecking	 ﾠthat	 ﾠthe	 ﾠdata	 ﾠwas	 ﾠsufficiently	 ﾠGaussian	 ﾠ
(Wilks	 ﾠ2011,	 ﾠp.	 ﾠ143).	 ﾠA	 ﾠbootstrapping	 ﾠmethod	 ﾠwas	 ﾠused	 ﾠto	 ﾠverify	 ﾠthe	 ﾠpresence	 ﾠof	 ﾠthis	 ﾠ
requirement	 ﾠ(Barreto	 ﾠ2005).	 ﾠThe	 ﾠtest	 ﾠindicates	 ﾠa	 ﾠsignificant	 ﾠdifference	 ﾠin	 ﾠthe	 ﾠ45-ﾭ‐	 ﾠand	 ﾠ60-ﾭ‐
minute	 ﾠprojections	 ﾠwhen	 ﾠcombined	 ﾠacross	 ﾠall	 ﾠscans	 ﾠ(initial	 ﾠthrough	 ﾠ4)	 ﾠwith	 ﾠp	 ﾠvalues	 ﾠof	 ﾠ0.03	 ﾠ
and	 ﾠ0.02,	 ﾠrespectively.	 ﾠThe	 ﾠ15-ﾭ‐	 ﾠand	 ﾠ30-ﾭ‐minute	 ﾠerror	 ﾠdid	 ﾠnot	 ﾠshow	 ﾠstatistically	 ﾠsignificant	 ﾠ	 ﾠ
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differences.	 ﾠThe	 ﾠrelatively	 ﾠpoor	 ﾠperformance	 ﾠin	 ﾠKansas	 ﾠis	 ﾠsomewhat	 ﾠsurprising	 ﾠgiven	 ﾠthat	 ﾠ
the	 ﾠtopography	 ﾠof	 ﾠKansas	 ﾠis	 ﾠmore	 ﾠuniform	 ﾠand	 ﾠflatter	 ﾠthan	 ﾠthat	 ﾠof	 ﾠNew	 ﾠYork.	 ﾠSeemingly,	 ﾠ
this	 ﾠwould	 ﾠallow	 ﾠfor	 ﾠmore	 ﾠlinear	 ﾠand	 ﾠless	 ﾠturbulent	 ﾠthunderstorm	 ﾠcell	 ﾠmotion,	 ﾠmaking	 ﾠcells	 ﾠ
easier	 ﾠto	 ﾠtrack;	 ﾠin	 ﾠthis	 ﾠsample,	 ﾠhowever,	 ﾠthat	 ﾠwas	 ﾠnot	 ﾠthe	 ﾠcase.	 ﾠThis	 ﾠsurprising	 ﾠresult	 ﾠmay	 ﾠbe	 ﾠ
attributable	 ﾠto	 ﾠthe	 ﾠKansas	 ﾠtornadoes	 ﾠbeing	 ﾠstronger,	 ﾠimplying	 ﾠmore	 ﾠsevere	 ﾠstorms	 ﾠand	 ﾠ
potentially	 ﾠmore	 ﾠrightward	 ﾠmotion.	 ﾠ
	 ﾠ Incorporating	 ﾠtime	 ﾠof	 ﾠday	 ﾠinto	 ﾠthe	 ﾠanalysis	 ﾠin	 ﾠtable	 ﾠ4	 ﾠshows	 ﾠa	 ﾠslight	 ﾠcorrelation	 ﾠ
between	 ﾠthe	 ﾠtime	 ﾠof	 ﾠday	 ﾠand	 ﾠthe	 ﾠerror	 ﾠassociated	 ﾠwith	 ﾠthe	 ﾠalgorithm.	 ﾠThe	 ﾠtime	 ﾠof	 ﾠday	 ﾠwas	 ﾠ
divided	 ﾠinto	 ﾠ3	 ﾠparts,	 ﾠmorning,	 ﾠafternoon	 ﾠand	 ﾠevening	 ﾠdefined	 ﾠas	 ﾠ4AM–12PM	 ﾠ(08Z–16Z),	 ﾠ
12PM–8PM	 ﾠ(16Z–00Z)	 ﾠand	 ﾠ8PM–4AM	 ﾠ(00Z–08Z),	 ﾠrespectively.	 ﾠThe	 ﾠerrors	 ﾠtended	 ﾠto	 ﾠbe	 ﾠ
noticeably	 ﾠsmaller	 ﾠin	 ﾠevening	 ﾠstorms	 ﾠcompared	 ﾠto	 ﾠmorning	 ﾠand	 ﾠafternoon.	 ﾠThe	 ﾠreason	 ﾠfor	 ﾠ
this	 ﾠis	 ﾠnot	 ﾠclear;	 ﾠhowever,	 ﾠsince	 ﾠthe	 ﾠ48	 ﾠNew	 ﾠYork	 ﾠstorm	 ﾠcells	 ﾠhad	 ﾠto	 ﾠbe	 ﾠdivided	 ﾠinto	 ﾠeven	 ﾠ
smaller	 ﾠsubgroups,	 ﾠany	 ﾠoutliers	 ﾠin	 ﾠterms	 ﾠof	 ﾠerror	 ﾠcould	 ﾠhave	 ﾠsignificantly	 ﾠskewed	 ﾠthe	 ﾠ
average	 ﾠfor	 ﾠits	 ﾠsubset.	 ﾠT-ﾭ‐tests	 ﾠwere	 ﾠnot	 ﾠable	 ﾠshow	 ﾠstatistically	 ﾠsignificant	 ﾠdifferences.	 ﾠ
	 ﾠ
Table	 ﾠ3.1	 ﾠ–	 ﾠLead-ﾭ‐time	 ﾠversus	 ﾠaverage	 ﾠerror	 ﾠ(km),	 ﾠNew	 ﾠYork	 ﾠ
LEAD	 ﾠTIME	 ﾠ INITIAL	 ﾠSCAN	 ﾠ SCAN	 ﾠ1	 ﾠ SCAN	 ﾠ2	 ﾠ SCAN	 ﾠ3	 ﾠ SCAN	 ﾠ4	 ﾠ
15	 ﾠ 4.4	 ﾠ 4.2	 ﾠ 4.1	 ﾠ 4.0	 ﾠ 3.6	 ﾠ
30	 ﾠ 8.9	 ﾠ 7.0	 ﾠ 6.1	 ﾠ 6.2	 ﾠ 5.6	 ﾠ
45	 ﾠ 13.3	 ﾠ 8.3	 ﾠ 7.6	 ﾠ 7.6	 ﾠ 7.1	 ﾠ
60	 ﾠ 16.3	 ﾠ 11.4	 ﾠ 8.1	 ﾠ 9.0	 ﾠ 8.6	 ﾠ
	 ﾠ
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LEAD	 ﾠTIME	 ﾠ INITIAL	 ﾠSCAN	 ﾠ SCAN	 ﾠ1	 ﾠ SCAN	 ﾠ2	 ﾠ SCAN	 ﾠ3	 ﾠ SCAN	 ﾠ4	 ﾠ
15	 ﾠ 4.4	 ﾠ 3.7	 ﾠ 3.7	 ﾠ 4.2	 ﾠ 4.1	 ﾠ
30	 ﾠ 8.7	 ﾠ 7.3	 ﾠ 7.4	 ﾠ 6.9	 ﾠ 6.1	 ﾠ
45	 ﾠ 13.5	 ﾠ 10.9	 ﾠ 11.2	 ﾠ 9.3	 ﾠ 10.5	 ﾠ
60	 ﾠ 17.7	 ﾠ 14.4	 ﾠ 13.3	 ﾠ 12.4	 ﾠ 12.3	 ﾠ
0	 ﾠ
2	 ﾠ
4	 ﾠ
6	 ﾠ
8	 ﾠ
10	 ﾠ
12	 ﾠ
14	 ﾠ
16	 ﾠ
18	 ﾠ
0	 ﾠ 15	 ﾠ 30	 ﾠ 45	 ﾠ 60	 ﾠ
E
R
R
O
R
	 ﾠ
(
K
M
)
	 ﾠ
LEAD	 ﾠTIME	 ﾠ(MINUTES)	 ﾠ
AVERAGE	 ﾠERROR	 ﾠVS.	 ﾠLEAD	 ﾠTIME	 ﾠ(NEW	 ﾠYORK	 ﾠSTATE)	 ﾠ
INITIAL	 ﾠSCAN	 ﾠ
SCAN	 ﾠ1	 ﾠ
SCAN	 ﾠ2	 ﾠ
SCAN	 ﾠ3	 ﾠ
SCAN	 ﾠ4	 ﾠ
	 ﾠTable	 ﾠ3.2	 ﾠLead-ﾭ‐time	 ﾠversus	 ﾠaverage	 ﾠerror	 ﾠ(km),	 ﾠKansas	 ﾠ
	 ﾠ	 ﾠ
9	 ﾠ
	 ﾠ
Figure	 ﾠ2.2	 ﾠ
	 ﾠ
	 ﾠ
	 ﾠ
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 ﾠ
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Table	 ﾠ4	 ﾠ–	 ﾠAverage	 ﾠerror	 ﾠ(km)	 ﾠversus	 ﾠtime	 ﾠof	 ﾠday	 ﾠ
TIME	 ﾠOF	 ﾠDAY	 ﾠ 15E	 ﾠ 30E	 ﾠ 45E	 ﾠ 60E	 ﾠ
MORNING	 ﾠ 4.7	 ﾠ 9.4	 ﾠ 12.0	 ﾠ 14.3	 ﾠ
AFTERNOON	 ﾠ 4.1	 ﾠ 6.7	 ﾠ 9.2	 ﾠ 10.8	 ﾠ
EVENING	 ﾠ 3.3	 ﾠ 5.6	 ﾠ 7.6	 ﾠ 11.4	 ﾠ
	 ﾠ
	 ﾠ If	 ﾠthe	 ﾠaverage	 ﾠerror	 ﾠis	 ﾠcompared	 ﾠto	 ﾠthe	 ﾠyear	 ﾠof	 ﾠstorm	 ﾠoccurrence,	 ﾠthere	 ﾠis	 ﾠa	 ﾠconsistent	 ﾠ
downward	 ﾠtrend	 ﾠwith	 ﾠtime	 ﾠacross	 ﾠmost	 ﾠlead-ﾭ‐time	 ﾠerrors	 ﾠas	 ﾠseen	 ﾠin	 ﾠtable	 ﾠ5.	 ﾠThis	 ﾠdrop	 ﾠin	 ﾠ
error	 ﾠshould	 ﾠbe	 ﾠmost	 ﾠsignificant	 ﾠaround	 ﾠthe	 ﾠtime	 ﾠof	 ﾠthe	 ﾠRadar	 ﾠProduct	 ﾠGenerator	 ﾠupdate	 ﾠ
released	 ﾠin	 ﾠSeptember	 ﾠ2004	 ﾠ(U.S.	 ﾠDepartment	 ﾠ2006).	 ﾠA	 ﾠt-ﾭ‐test	 ﾠdoes	 ﾠshow	 ﾠsignificant	 ﾠ
differences	 ﾠbetween	 ﾠthe	 ﾠ1997-ﾭ‐2004	 ﾠperiod	 ﾠand	 ﾠthe	 ﾠ2005-ﾭ‐2010	 ﾠperiod.	 ﾠThe	 ﾠp	 ﾠvalues	 ﾠwere	 ﾠ
.01,	 ﾠ.02,	 ﾠ.03,	 ﾠ.01	 ﾠcorresponding	 ﾠto	 ﾠthe	 ﾠ15-ﾭ‐,	 ﾠ30-ﾭ‐,	 ﾠ45-ﾭ‐	 ﾠand	 ﾠ60-ﾭ‐minute	 ﾠerrors,	 ﾠrespectively,	 ﾠwhen	 ﾠ
combined	 ﾠacross	 ﾠall	 ﾠscans	 ﾠ(initial	 ﾠthrough	 ﾠ4).	 ﾠThis	 ﾠsupports	 ﾠthe	 ﾠeffect	 ﾠof	 ﾠthe	 ﾠRPG	 ﾠupdate	 ﾠ
increasing	 ﾠthe	 ﾠaccuracy	 ﾠof	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠto	 ﾠa	 ﾠsignificant	 ﾠextent.	 ﾠ
	 ﾠ
Table	 ﾠ5	 ﾠ–	 ﾠAverage	 ﾠerror	 ﾠ(km)	 ﾠversus	 ﾠyear,	 ﾠNew	 ﾠYork	 ﾠ
YEARS	 ﾠ 15E	 ﾠ 30E	 ﾠ 45E	 ﾠ 60E	 ﾠ
1997-ﾭ‐2000	 ﾠ 4.9	 ﾠ 8.2	 ﾠ 10.4	 ﾠ 12.3	 ﾠ
2001-ﾭ‐2004	 ﾠ 4.0	 ﾠ 7.1	 ﾠ 10.8	 ﾠ 14.7	 ﾠ
2005-ﾭ‐2007	 ﾠ 3.9	 ﾠ 6.3	 ﾠ 8.5	 ﾠ 9.2	 ﾠ
2008-ﾭ‐2010	 ﾠ 3.2	 ﾠ 6.0	 ﾠ 8.1	 ﾠ 10.5	 ﾠ
	 ﾠ 	 ﾠ	 ﾠ
b.	 ﾠ	 ﾠ Error	 ﾠversus	 ﾠReflectivity	 ﾠ
	 ﾠ
	 ﾠ An	 ﾠanalysis	 ﾠof	 ﾠaverage	 ﾠerror	 ﾠversus	 ﾠreflectivity	 ﾠvalue	 ﾠfor	 ﾠNew	 ﾠYork	 ﾠcells	 ﾠpresents	 ﾠan	 ﾠ
interesting	 ﾠrelationship.	 ﾠWhen	 ﾠlooking	 ﾠat	 ﾠaverage	 ﾠerrors	 ﾠacross	 ﾠall	 ﾠdBZ	 ﾠvalues,	 ﾠthe	 ﾠ
correlation	 ﾠis	 ﾠweak	 ﾠto	 ﾠnon-ﾭ‐existent	 ﾠ(see	 ﾠfigure	 ﾠ3).	 ﾠIf,	 ﾠhowever,	 ﾠonly	 ﾠa	 ﾠcertain	 ﾠrange	 ﾠof	 ﾠdBZ	 ﾠ
values	 ﾠis	 ﾠanalyzed,	 ﾠthere	 ﾠis	 ﾠactually	 ﾠa	 ﾠstrong	 ﾠlinear	 ﾠrelationship.	 ﾠViewing	 ﾠthe	 ﾠaverage	 ﾠerrors	 ﾠ
for	 ﾠonly	 ﾠthose	 ﾠstorms	 ﾠwith	 ﾠa	 ﾠdBZ	 ﾠbetween	 ﾠ40	 ﾠand	 ﾠ55,	 ﾠthere	 ﾠis	 ﾠa	 ﾠstrong	 ﾠnegative	 ﾠcorrelation	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between	 ﾠerror	 ﾠand	 ﾠreflectivity	 ﾠwith	 ﾠthe	 ﾠcoefficient	 ﾠof	 ﾠdetermination,	 ﾠR2,	 ﾠranging	 ﾠfrom	 ﾠ0.91	 ﾠ
to	 ﾠ0.97.	 ﾠWhile	 ﾠneglecting	 ﾠdata	 ﾠis	 ﾠnot	 ﾠideal	 ﾠin	 ﾠany	 ﾠdataset,	 ﾠit	 ﾠis	 ﾠat	 ﾠleast	 ﾠsomewhat	 ﾠjustifiable	 ﾠ
here	 ﾠbased	 ﾠon	 ﾠthe	 ﾠability	 ﾠof	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠto	 ﾠcorrectly	 ﾠidentify	 ﾠweak	 ﾠthunderstorm	 ﾠ
cells	 ﾠand	 ﾠdue	 ﾠto	 ﾠdifferences	 ﾠin	 ﾠsample	 ﾠsize.	 ﾠIn	 ﾠJohnson’s	 ﾠstudy,	 ﾠless	 ﾠthan	 ﾠ30%	 ﾠof	 ﾠisolated	 ﾠ
severe	 ﾠand	 ﾠmesoscale	 ﾠconvective	 ﾠsystem/line	 ﾠstorms	 ﾠwith	 ﾠa	 ﾠreflectivity	 ﾠless	 ﾠthan	 ﾠ40	 ﾠdBZ	 ﾠ
were	 ﾠdetected	 ﾠ(Johnson	 ﾠet	 ﾠal.	 ﾠ1997).	 ﾠSince	 ﾠthe	 ﾠalgorithm	 ﾠhas	 ﾠtrouble	 ﾠidentifying	 ﾠweaker	 ﾠ
storms,	 ﾠit	 ﾠmay	 ﾠhave	 ﾠtrouble	 ﾠidentifying	 ﾠthem	 ﾠproperly	 ﾠwhen	 ﾠsuch	 ﾠcells	 ﾠare	 ﾠdetected,	 ﾠwhich	 ﾠ
is	 ﾠthe	 ﾠfoundation	 ﾠof	 ﾠthe	 ﾠStorm	 ﾠPosition	 ﾠForecast	 ﾠsub-ﾭ‐function	 ﾠwithin	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠand	 ﾠ
of	 ﾠthe	 ﾠaccuracy	 ﾠof	 ﾠits	 ﾠprojections	 ﾠ(Johnson	 ﾠet	 ﾠal.).	 ﾠFurthermore,	 ﾠsince	 ﾠthe	 ﾠsample	 ﾠof	 ﾠstorms	 ﾠ
obtained	 ﾠin	 ﾠthe	 ﾠpresent	 ﾠstudy	 ﾠcontains	 ﾠonly	 ﾠ27	 ﾠstorms	 ﾠwith	 ﾠa	 ﾠreflectivity	 ﾠless	 ﾠthan	 ﾠ40	 ﾠor	 ﾠ
greater	 ﾠthan	 ﾠ55	 ﾠout	 ﾠof	 ﾠ217	 ﾠtotal	 ﾠstorm	 ﾠcells	 ﾠ(12.4%),	 ﾠthe	 ﾠaverage	 ﾠerrors	 ﾠfor	 ﾠvery	 ﾠweak	 ﾠand	 ﾠ
very	 ﾠstrong	 ﾠstorms	 ﾠcertainly	 ﾠmay	 ﾠnot	 ﾠbe	 ﾠrepresentative.	 ﾠSince	 ﾠthe	 ﾠnumber	 ﾠof	 ﾠstorms	 ﾠin	 ﾠthe	 ﾠ
range	 ﾠof	 ﾠ40	 ﾠto	 ﾠ55	 ﾠdBZ	 ﾠis	 ﾠfar	 ﾠgreater	 ﾠ(87.6%	 ﾠof	 ﾠthe	 ﾠtotal),	 ﾠthere	 ﾠis	 ﾠmuch	 ﾠmore	 ﾠconfidence	 ﾠin	 ﾠ
these	 ﾠaverage	 ﾠerrors	 ﾠbeing	 ﾠrepresentative	 ﾠof	 ﾠthe	 ﾠpopulation	 ﾠof	 ﾠthunderstorm	 ﾠcells	 ﾠwithin	 ﾠ
these	 ﾠreflectivity	 ﾠlimits.	 ﾠTo	 ﾠclaim	 ﾠthat	 ﾠthere	 ﾠis	 ﾠa	 ﾠdefinitive	 ﾠrelationship	 ﾠbetween	 ﾠdBZ	 ﾠand	 ﾠ
error	 ﾠis	 ﾠbeyond	 ﾠthe	 ﾠscope	 ﾠof	 ﾠthis	 ﾠsample	 ﾠsize,	 ﾠbut	 ﾠit	 ﾠmotivates	 ﾠfurther	 ﾠinvestigation.	 ﾠ	 ﾠ	 ﾠ
	 ﾠ
c.	 ﾠ	 ﾠ Motion	 ﾠversus	 ﾠUpper	 ﾠLevel	 ﾠWind	 ﾠ
	 ﾠ
	 ﾠ In	 ﾠorder	 ﾠto	 ﾠexplain	 ﾠsome	 ﾠof	 ﾠthe	 ﾠerror	 ﾠand	 ﾠdirectional	 ﾠerror	 ﾠ(which	 ﾠwill	 ﾠbe	 ﾠdescribed	 ﾠin	 ﾠ
the	 ﾠnext	 ﾠsection),	 ﾠan	 ﾠattempt	 ﾠwas	 ﾠmade	 ﾠto	 ﾠfind	 ﾠa	 ﾠcorrelation	 ﾠbetween	 ﾠthunderstorm	 ﾠcell	 ﾠ
motion	 ﾠand	 ﾠthe	 ﾠupper	 ﾠlevel	 ﾠwinds	 ﾠat	 ﾠ850,	 ﾠ700	 ﾠand	 ﾠ500	 ﾠmb.	 ﾠThere	 ﾠwas	 ﾠnot	 ﾠa	 ﾠstrong	 ﾠ
correlation	 ﾠbetween	 ﾠstorm	 ﾠcell	 ﾠspeed	 ﾠand	 ﾠany	 ﾠof	 ﾠthe	 ﾠupper	 ﾠlevel	 ﾠwinds	 ﾠanalyzed	 ﾠas	 ﾠseen	 ﾠin	 ﾠ	 ﾠ
figure	 ﾠ4.	 ﾠThis	 ﾠis	 ﾠlikely	 ﾠdue	 ﾠto	 ﾠthree	 ﾠreasons:	 ﾠ1.	 ﾠUpper	 ﾠlevel	 ﾠwind	 ﾠdata	 ﾠis	 ﾠfairly	 ﾠsparse	 ﾠin	 ﾠ
terms	 ﾠof	 ﾠthe	 ﾠdensity	 ﾠof	 ﾠavailable	 ﾠdata;	 ﾠfor	 ﾠexample,	 ﾠthere	 ﾠare	 ﾠonly	 ﾠ3	 ﾠupper	 ﾠair	 ﾠstations	 ﾠin	 ﾠ
New	 ﾠYork	 ﾠState,	 ﾠlocated	 ﾠin	 ﾠBuffalo,	 ﾠAlbany	 ﾠand	 ﾠUpton,	 ﾠfrom	 ﾠwhich	 ﾠit	 ﾠwas	 ﾠnecessary	 ﾠto	 ﾠ
estimate	 ﾠan	 ﾠupper	 ﾠlevel	 ﾠwind	 ﾠspeed	 ﾠfor	 ﾠeach	 ﾠthunderstorm	 ﾠcell,	 ﾠ2.	 ﾠThunderstorm	 ﾠcell	 ﾠ
motion	 ﾠwith	 ﾠrespect	 ﾠto	 ﾠupper	 ﾠlevel	 ﾠwinds	 ﾠis	 ﾠa	 ﾠfairly	 ﾠcomplex	 ﾠrelationship	 ﾠinvolving	 ﾠan	 ﾠ
average	 ﾠvalue	 ﾠof	 ﾠwind	 ﾠspeeds	 ﾠand	 ﾠdirections;	 ﾠfor	 ﾠexample,	 ﾠa	 ﾠstudy	 ﾠconducted	 ﾠby	 ﾠMaddox	 ﾠin	 ﾠ
the	 ﾠ1970’s	 ﾠon	 ﾠenvironmental	 ﾠconditions	 ﾠfor	 ﾠtornado	 ﾠoccurrence,	 ﾠa	 ﾠmean	 ﾠstorm	 ﾠmotion	 ﾠ
estimate	 ﾠinvolved	 ﾠan	 ﾠaverage	 ﾠof	 ﾠwind	 ﾠspeeds	 ﾠat	 ﾠthe	 ﾠsurface,	 ﾠ850,	 ﾠ700,	 ﾠ500,	 ﾠ300	 ﾠand	 ﾠ200	 ﾠmb	 ﾠ
(Maddox	 ﾠ1975),	 ﾠand	 ﾠ3.	 ﾠUpper	 ﾠlevel	 ﾠwind	 ﾠmeasurements	 ﾠare	 ﾠonly	 ﾠdone	 ﾠtwice	 ﾠper	 ﾠday	 ﾠat	 ﾠ00Z	 ﾠ
and	 ﾠ12Z,	 ﾠseriously	 ﾠrestricting	 ﾠthe	 ﾠavailability	 ﾠof	 ﾠdata	 ﾠat	 ﾠthe	 ﾠtime	 ﾠof	 ﾠstorm	 ﾠoccurrence.	 ﾠ	 ﾠ
Accordingly,	 ﾠthe	 ﾠresulting	 ﾠcorrelations	 ﾠwere	 ﾠweak	 ﾠbut	 ﾠpositive	 ﾠwith	 ﾠR2	 ﾠvalues	 ﾠranging	 ﾠfrom	 ﾠ
0.10	 ﾠto	 ﾠ0.17.	 ﾠThe	 ﾠstrongest	 ﾠrelative	 ﾠcorrelation	 ﾠwas	 ﾠwith	 ﾠthe	 ﾠ700	 ﾠmb	 ﾠwind	 ﾠspeeds.	 ﾠA	 ﾠ
resulting	 ﾠanalysis	 ﾠof	 ﾠthe	 ﾠwind	 ﾠdirection	 ﾠat	 ﾠ700	 ﾠmb	 ﾠwas	 ﾠperformed	 ﾠto	 ﾠsearch	 ﾠfor	 ﾠa	 ﾠlink	 ﾠ
between	 ﾠthe	 ﾠdirectional	 ﾠerror	 ﾠand	 ﾠthe	 ﾠ700	 ﾠmb	 ﾠwind.	 ﾠAgain,	 ﾠthis	 ﾠhad	 ﾠto	 ﾠbe	 ﾠestimated	 ﾠusing	 ﾠ
the	 ﾠdata	 ﾠavailable.	 ﾠThis	 ﾠanalysis	 ﾠdidn’t	 ﾠyield	 ﾠparticularly	 ﾠuseful	 ﾠresults,	 ﾠmostly	 ﾠbecause	 ﾠall	 ﾠof	 ﾠ
the	 ﾠupper	 ﾠlevel	 ﾠwind	 ﾠobservations	 ﾠwere	 ﾠdominated	 ﾠby	 ﾠa	 ﾠwesterly	 ﾠcomponent,	 ﾠmaking	 ﾠit	 ﾠ
difficult	 ﾠto	 ﾠsee	 ﾠany	 ﾠdistinctions	 ﾠstorm	 ﾠby	 ﾠstorm.	 ﾠIf	 ﾠmore	 ﾠsignificant	 ﾠcorrelations	 ﾠcould	 ﾠbe	 ﾠ
found,	 ﾠupper	 ﾠlevel	 ﾠwind	 ﾠdata	 ﾠcould	 ﾠpotentially	 ﾠbe	 ﾠincorporated	 ﾠinto	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠto	 ﾠ
improve	 ﾠits	 ﾠaccuracy	 ﾠgiven	 ﾠthat	 ﾠit	 ﾠcurrently	 ﾠonly	 ﾠuses	 ﾠradar	 ﾠdata	 ﾠto	 ﾠmake	 ﾠprojections.	 ﾠ
	 ﾠ	 ﾠ
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d.	 ﾠ	 ﾠ Directional	 ﾠError	 ﾠ
	 ﾠ 	 ﾠ
	 ﾠ As	 ﾠpreviously	 ﾠdefined,	 ﾠdirectional	 ﾠerror	 ﾠrepresents	 ﾠthe	 ﾠactual	 ﾠlocation	 ﾠof	 ﾠthe	 ﾠstorm	 ﾠcell	 ﾠ
with	 ﾠrespect	 ﾠto	 ﾠits	 ﾠprojected	 ﾠlocation	 ﾠat	 ﾠthe	 ﾠrespective	 ﾠtime.	 ﾠIn	 ﾠfigure	 ﾠ5,	 ﾠwith	 ﾠ15P	 ﾠand	 ﾠ15A	 ﾠ
representing	 ﾠthe	 ﾠ15-ﾭ‐minute	 ﾠprojected	 ﾠposition	 ﾠand	 ﾠthe	 ﾠ15-ﾭ‐minute	 ﾠactual	 ﾠposition,	 ﾠ
respectively,	 ﾠthe	 ﾠdirectional	 ﾠerror	 ﾠwould	 ﾠbe	 ﾠnorth	 ﾠsince	 ﾠthe	 ﾠcell	 ﾠended	 ﾠup	 ﾠnorth	 ﾠof	 ﾠits	 ﾠ
projected	 ﾠlocation.	 ﾠThe	 ﾠresults	 ﾠof	 ﾠthis	 ﾠanalysis,	 ﾠshown	 ﾠin	 ﾠfigure	 ﾠ6,	 ﾠwere	 ﾠthe	 ﾠmost	 ﾠsurprising	 ﾠ
R²	 ﾠ=	 ﾠ0.10102	 ﾠ
0	 ﾠ
5	 ﾠ
10	 ﾠ
15	 ﾠ
20	 ﾠ
25	 ﾠ
0	 ﾠ 5	 ﾠ 10	 ﾠ 15	 ﾠ 20	 ﾠ 25	 ﾠ 30	 ﾠ 35	 ﾠ
8
5
0
	 ﾠ
M
B
	 ﾠ
S
P
E
E
D
	 ﾠ
(
M
/
S
)
	 ﾠ
STORM	 ﾠSPEED	 ﾠ(M/S)	 ﾠ
850	 ﾠMB	 ﾠWIND	 ﾠ
850	 ﾠMB	 ﾠ
WIND	 ﾠ
Linear	 ﾠ(850	 ﾠ
MB	 ﾠWIND)	 ﾠ
R²	 ﾠ=	 ﾠ0.16831	 ﾠ
0	 ﾠ
5	 ﾠ
10	 ﾠ
15	 ﾠ
20	 ﾠ
25	 ﾠ
30	 ﾠ
35	 ﾠ
0	 ﾠ 5	 ﾠ 10	 ﾠ 15	 ﾠ 20	 ﾠ 25	 ﾠ 30	 ﾠ 35	 ﾠ
7
0
0
	 ﾠ
M
B
	 ﾠ
S
P
E
E
D
	 ﾠ
(
M
/
S
)
	 ﾠ
STORM	 ﾠSPEED	 ﾠ(M/S)	 ﾠ
700	 ﾠMB	 ﾠWIND	 ﾠ
700	 ﾠMB	 ﾠ
WIND	 ﾠ
Linear	 ﾠ(700	 ﾠ
MB	 ﾠWIND)	 ﾠ
R²	 ﾠ=	 ﾠ0.0964	 ﾠ
0	 ﾠ
5	 ﾠ
10	 ﾠ
15	 ﾠ
20	 ﾠ
25	 ﾠ
30	 ﾠ
35	 ﾠ
0	 ﾠ 5	 ﾠ 10	 ﾠ 15	 ﾠ 20	 ﾠ 25	 ﾠ 30	 ﾠ 35	 ﾠ
5
0
0
	 ﾠ
M
B
	 ﾠ
S
P
E
E
D
	 ﾠ
(
M
/
S
)
	 ﾠ
STORM	 ﾠSPEED	 ﾠ(M/S)	 ﾠ
500	 ﾠMB	 ﾠWIND	 ﾠ
500	 ﾠMB	 ﾠ
WIND	 ﾠ
Linear	 ﾠ
(500	 ﾠMB	 ﾠ
WIND)	 ﾠ
Figure	 ﾠ4	 ﾠ–	 ﾠUpper	 ﾠlevel	 ﾠwinds	 ﾠversus	 ﾠerror	 ﾠ	 ﾠ
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and	 ﾠsignificant.	 ﾠIn	 ﾠboth	 ﾠthe	 ﾠNew	 ﾠYork	 ﾠand	 ﾠKansas	 ﾠsets,	 ﾠthere	 ﾠwas	 ﾠa	 ﾠdistinct	 ﾠtendency	 ﾠfor	 ﾠthe	 ﾠ
directional	 ﾠerror	 ﾠto	 ﾠbe	 ﾠto	 ﾠthe	 ﾠsouth,	 ﾠsouthwest	 ﾠor	 ﾠsoutheast.	 ﾠThis	 ﾠdistinction	 ﾠwas	 ﾠbroken	 ﾠ
down	 ﾠfurther	 ﾠinto	 ﾠrightward	 ﾠand	 ﾠleftward	 ﾠerror.	 ﾠRightward	 ﾠerror	 ﾠwould	 ﾠrepresent	 ﾠa	 ﾠcell	 ﾠ
ending	 ﾠup	 ﾠto	 ﾠthe	 ﾠright	 ﾠof	 ﾠthe	 ﾠtrack	 ﾠproposed	 ﾠby	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠand	 ﾠvice	 ﾠversa	 ﾠfor	 ﾠthe	 ﾠ
leftward	 ﾠerror.	 ﾠThe	 ﾠerror	 ﾠin	 ﾠfigure	 ﾠ5	 ﾠwould	 ﾠbe	 ﾠleftward	 ﾠerror	 ﾠsince	 ﾠthe	 ﾠcell	 ﾠended	 ﾠup	 ﾠgoing	 ﾠ
to	 ﾠthe	 ﾠleft	 ﾠof	 ﾠthe	 ﾠforecast	 ﾠtrack.	 ﾠThe	 ﾠdirectional	 ﾠerror	 ﾠwas	 ﾠbroken	 ﾠdown	 ﾠinto	 ﾠthe	 ﾠ
	 ﾠ
Figure	 ﾠ6a	 ﾠ-ﾭ‐	 ﾠDirectional	 ﾠerror,	 ﾠNew	 ﾠYork	 ﾠ
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Figure	 ﾠ5	 ﾠ–	 ﾠDirectional	 ﾠError	 ﾠ(NOAA	 ﾠWeather	 ﾠand	 ﾠClimate	 ﾠToolkit)	 ﾠ	 ﾠ
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rightward/leftward	 ﾠerror	 ﾠconstruct	 ﾠand	 ﾠinto	 ﾠa	 ﾠspeed	 ﾠerror	 ﾠcategory	 ﾠfor	 ﾠeach	 ﾠscan	 ﾠ(initial,	 ﾠ1,	 ﾠ
2,	 ﾠ3	 ﾠand	 ﾠ4).	 ﾠThis	 ﾠwas	 ﾠdetermined	 ﾠusing	 ﾠthe	 ﾠprojected	 ﾠdirection	 ﾠof	 ﾠmotion,	 ﾠthe	 ﾠactual	 ﾠ
direction	 ﾠof	 ﾠmotion,	 ﾠthe	 ﾠdirectional	 ﾠerror	 ﾠand	 ﾠthe	 ﾠerror	 ﾠin	 ﾠspeed.	 ﾠIf	 ﾠthe	 ﾠactual	 ﾠdirection	 ﾠof	 ﾠ
storm	 ﾠtravel	 ﾠwas	 ﾠto	 ﾠthe	 ﾠright	 ﾠof	 ﾠthe	 ﾠprojected	 ﾠpath,	 ﾠrightward	 ﾠerror	 ﾠwas	 ﾠrecorded.	 ﾠIf	 ﾠthe	 ﾠ
actual	 ﾠand	 ﾠprojected	 ﾠdirections	 ﾠwere	 ﾠthe	 ﾠsame,	 ﾠthe	 ﾠdirectional	 ﾠerror	 ﾠwas	 ﾠused	 ﾠto	 ﾠidentify	 ﾠa	 ﾠ
rightward	 ﾠvs.	 ﾠleftward	 ﾠerror.	 ﾠThe	 ﾠresult	 ﾠwas	 ﾠa	 ﾠvery	 ﾠstrong	 ﾠtendency	 ﾠfor	 ﾠstorms	 ﾠto	 ﾠtravel	 ﾠto	 ﾠ
the	 ﾠright	 ﾠof	 ﾠtheir	 ﾠforecast	 ﾠtracks.	 ﾠStorm	 ﾠmotion	 ﾠwas	 ﾠalso	 ﾠcategorized	 ﾠby	 ﾠthe	 ﾠactual	 ﾠspeed	 ﾠ
relative	 ﾠto	 ﾠthe	 ﾠprojected	 ﾠspeed	 ﾠ(i.e.,	 ﾠdid	 ﾠthe	 ﾠstorm	 ﾠmove	 ﾠmore	 ﾠquickly	 ﾠor	 ﾠmore	 ﾠslowly	 ﾠthan	 ﾠ
predicted).	 ﾠFigure	 ﾠ9	 ﾠshows	 ﾠthe	 ﾠresults	 ﾠof	 ﾠthe	 ﾠrightward/leftward	 ﾠerror	 ﾠand	 ﾠspeed	 ﾠanalysis	 ﾠ
along	 ﾠwith	 ﾠthe	 ﾠratio	 ﾠof	 ﾠcells	 ﾠwith	 ﾠrightward	 ﾠerror	 ﾠto	 ﾠcells	 ﾠwith	 ﾠleftward	 ﾠerror	 ﾠfor	 ﾠeach	 ﾠscan.	 ﾠ	 ﾠ
	 ﾠ To	 ﾠobtain	 ﾠa	 ﾠsense	 ﾠof	 ﾠhow	 ﾠstatistically	 ﾠsignificant	 ﾠthe	 ﾠdifference	 ﾠin	 ﾠdirectional	 ﾠerror	 ﾠis,	 ﾠa	 ﾠ
chi-ﾭ‐squared	 ﾠtest	 ﾠwas	 ﾠperformed.	 ﾠGiven	 ﾠ8	 ﾠcategories	 ﾠfor	 ﾠthe	 ﾠdirectional	 ﾠerror,	 ﾠthe	 ﾠexpected	 ﾠ
value	 ﾠin	 ﾠeach	 ﾠcategory	 ﾠis	 ﾠthe	 ﾠtotal	 ﾠnumber	 ﾠof	 ﾠstorm	 ﾠdivided	 ﾠby	 ﾠ8	 ﾠ–	 ﾠ84	 ﾠfor	 ﾠNew	 ﾠYork	 ﾠand	 ﾠ52	 ﾠ
for	 ﾠKansas.	 ﾠThe	 ﾠsum	 ﾠof	 ﾠthe	 ﾠsquares	 ﾠof	 ﾠthe	 ﾠdifference	 ﾠbetween	 ﾠthe	 ﾠobserved	 ﾠand	 ﾠexpected	 ﾠ
values	 ﾠdivided	 ﾠby	 ﾠthe	 ﾠexpected	 ﾠvalues	 ﾠacross	 ﾠthe	 ﾠcategories	 ﾠprovided	 ﾠa	 ﾠchi-ﾭ‐squared	 ﾠvalue	 ﾠof	 ﾠ	 ﾠ
140	 ﾠfor	 ﾠNew	 ﾠYork	 ﾠand	 ﾠof	 ﾠ158	 ﾠfor	 ﾠKansas.	 ﾠBoth	 ﾠof	 ﾠthese	 ﾠvalues	 ﾠare	 ﾠsignificant	 ﾠat	 ﾠa	 ﾠ
probability	 ﾠof	 ﾠ0.9999.	 ﾠIt	 ﾠseems	 ﾠas	 ﾠthough	 ﾠthis	 ﾠpattern	 ﾠin	 ﾠerror	 ﾠis	 ﾠsystemic	 ﾠgiven	 ﾠits	 ﾠ
prominence	 ﾠin	 ﾠboth	 ﾠstorm	 ﾠsets.	 ﾠ 	 ﾠ
	 ﾠ It	 ﾠis	 ﾠnot	 ﾠclear	 ﾠbased	 ﾠon	 ﾠthe	 ﾠdata	 ﾠcollected	 ﾠwhy	 ﾠthis	 ﾠtrend	 ﾠin	 ﾠdirectional	 ﾠerror	 ﾠis	 ﾠpresent.	 ﾠ
One	 ﾠhypothesis	 ﾠis	 ﾠthat	 ﾠit	 ﾠhas	 ﾠa	 ﾠrelationship	 ﾠto	 ﾠthe	 ﾠtendency	 ﾠfor	 ﾠsevere	 ﾠthunderstorms	 ﾠto	 ﾠ
move	 ﾠto	 ﾠthe	 ﾠright	 ﾠof	 ﾠthe	 ﾠarea	 ﾠof	 ﾠconvective	 ﾠactivity	 ﾠin	 ﾠwhich	 ﾠit	 ﾠis	 ﾠlocated.	 ﾠThis	 ﾠobservation	 ﾠis	 ﾠ
affirmed	 ﾠby	 ﾠBrowning,	 ﾠstating	 ﾠthat	 ﾠmany	 ﾠstudies	 ﾠin	 ﾠthe	 ﾠlate-ﾭ‐1950’s	 ﾠand	 ﾠearly	 ﾠ1960’s	 ﾠshow	 ﾠ
frequent	 ﾠrightward	 ﾠmotion	 ﾠof	 ﾠsevere	 ﾠthunderstorm	 ﾠcells	 ﾠ(Browning	 ﾠ1964).	 ﾠThis	 ﾠpattern	 ﾠ
strongly	 ﾠidentifies	 ﾠwith	 ﾠfigure	 ﾠ7,	 ﾠimplying	 ﾠsome	 ﾠrelationship	 ﾠto	 ﾠthis	 ﾠobservation	 ﾠsince	 ﾠall	 ﾠ
thunderstorms	 ﾠcell	 ﾠin	 ﾠthe	 ﾠpresent	 ﾠstudy	 ﾠproduced	 ﾠa	 ﾠtornado	 ﾠand	 ﾠwere	 ﾠsevere	 ﾠas	 ﾠa	 ﾠresult	 ﾠby	 ﾠ
the	 ﾠNational	 ﾠWeather	 ﾠService	 ﾠdefinition	 ﾠ(U.S.	 ﾠDepartment/NWS	 ﾠ.	 ﾠThe	 ﾠrightward	 ﾠmovement	 ﾠ
of	 ﾠsevere	 ﾠthunderstorms	 ﾠseems	 ﾠa	 ﾠplausible	 ﾠexplanation	 ﾠfor	 ﾠthe	 ﾠpersistent	 ﾠrightward	 ﾠerror	 ﾠ
in	 ﾠthe	 ﾠdata	 ﾠsets.	 ﾠThis	 ﾠclaim	 ﾠis	 ﾠsupported	 ﾠby	 ﾠthe	 ﾠfact	 ﾠthat	 ﾠrightward	 ﾠerror	 ﾠis,	 ﾠon	 ﾠaverage,	 ﾠ
greater	 ﾠin	 ﾠKansas	 ﾠwhere	 ﾠstorms	 ﾠcould	 ﾠbe	 ﾠexpected	 ﾠto	 ﾠbe	 ﾠmore	 ﾠsevere	 ﾠthan	 ﾠthose	 ﾠin	 ﾠNew	 ﾠ
York.	 ﾠThis	 ﾠreasoning,	 ﾠhowever,	 ﾠbecomes	 ﾠcomplicated	 ﾠconsidering	 ﾠthat	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠ
makes	 ﾠforecasts	 ﾠbased	 ﾠon	 ﾠprevious	 ﾠmotion.	 ﾠTherefore,	 ﾠif	 ﾠa	 ﾠcell	 ﾠdeveloped	 ﾠa	 ﾠconsistent	 ﾠtrack	 ﾠ
to	 ﾠthe	 ﾠright	 ﾠof	 ﾠits	 ﾠearlier	 ﾠtracks,	 ﾠthe	 ﾠalgorithm	 ﾠshould	 ﾠadjust	 ﾠand	 ﾠreduce	 ﾠthe	 ﾠerror	 ﾠby	 ﾠ
producing	 ﾠa	 ﾠtrack	 ﾠthat	 ﾠbears	 ﾠmore	 ﾠto	 ﾠthe	 ﾠright.	 ﾠAccordingly,	 ﾠthe	 ﾠrightward	 ﾠerrors	 ﾠshould	 ﾠbe	 ﾠ
maintained	 ﾠin	 ﾠnumber	 ﾠif	 ﾠnot	 ﾠdecreased	 ﾠacross	 ﾠsuccessive	 ﾠscans.	 ﾠThis	 ﾠis	 ﾠalmost	 ﾠthe	 ﾠcase	 ﾠfor	 ﾠ
the	 ﾠNew	 ﾠYork	 ﾠset	 ﾠof	 ﾠstorms	 ﾠas	 ﾠthe	 ﾠrightward	 ﾠto	 ﾠleftward	 ﾠratio	 ﾠdrops	 ﾠcontinuously	 ﾠwith	 ﾠtime	 ﾠ
except	 ﾠfor	 ﾠscan	 ﾠ3.	 ﾠThe	 ﾠratio	 ﾠfor	 ﾠKansas	 ﾠstorms	 ﾠis	 ﾠmuch	 ﾠmore	 ﾠerratic,	 ﾠpotentially	 ﾠdue	 ﾠto	 ﾠa	 ﾠ
smaller	 ﾠsample	 ﾠsize.	 ﾠReason	 ﾠbehind	 ﾠthe	 ﾠpersistent	 ﾠrightward	 ﾠerror	 ﾠis	 ﾠan	 ﾠarea	 ﾠfor	 ﾠfuture	 ﾠ
research.	 ﾠ
	 ﾠ
e.	 ﾠ	 ﾠ Error	 ﾠversus	 ﾠDistance	 ﾠto	 ﾠRadar	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠcomparison	 ﾠof	 ﾠstorm	 ﾠerror	 ﾠto	 ﾠdistance	 ﾠfrom	 ﾠthe	 ﾠradar	 ﾠbeam	 ﾠyielded	 ﾠa	 ﾠvery	 ﾠpoor	 ﾠ
correlation.	 ﾠIf	 ﾠanything,	 ﾠthere	 ﾠis	 ﾠa	 ﾠslight	 ﾠnegative	 ﾠcorrelation,	 ﾠbut	 ﾠit	 ﾠis	 ﾠnot	 ﾠsignificant	 ﾠenough	 ﾠ
to	 ﾠmake	 ﾠany	 ﾠconclusions.	 ﾠA	 ﾠcomparison	 ﾠof	 ﾠerror	 ﾠto	 ﾠdistance	 ﾠto	 ﾠradar	 ﾠfor	 ﾠthe	 ﾠ15-ﾭ‐minute	 ﾠ	 ﾠ
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Figure	 ﾠ7a	 ﾠ–	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 ﾠerror	 ﾠwith	 ﾠright:left	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 ﾠ
error	 ﾠfor	 ﾠall	 ﾠscans	 ﾠcombined	 ﾠ(initial	 ﾠthrough	 ﾠ4)	 ﾠis	 ﾠshown	 ﾠin	 ﾠfigure	 ﾠ8	 ﾠbelow	 ﾠto	 ﾠrepresent	 ﾠthe	 ﾠ
general	 ﾠcorrelation.	 ﾠThis	 ﾠwould	 ﾠimply	 ﾠthat	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠperforms	 ﾠequally	 ﾠwell	 ﾠ
regardless	 ﾠof	 ﾠthe	 ﾠdistance	 ﾠbetween	 ﾠthe	 ﾠstorm	 ﾠcell	 ﾠand	 ﾠthe	 ﾠradar	 ﾠbeam.	 ﾠ
	 ﾠ
Figure	 ﾠ8	 ﾠ–	 ﾠ15-ﾭ‐minute	 ﾠerror	 ﾠacross	 ﾠall	 ﾠscans	 ﾠversus	 ﾠdistance	 ﾠto	 ﾠradar	 ﾠ
5.	 ﾠ	 ﾠ Summary	 ﾠ	 ﾠ
	 ﾠ
	 ﾠ Though	 ﾠthe	 ﾠSCIT	 ﾠalgorithm	 ﾠdoes	 ﾠdo	 ﾠa	 ﾠrelatively	 ﾠgood	 ﾠjob	 ﾠmaking	 ﾠstorm	 ﾠcell	 ﾠprojections,	 ﾠ
it	 ﾠdoes	 ﾠproduce	 ﾠsome	 ﾠerrors	 ﾠwith	 ﾠits	 ﾠcurrent	 ﾠforecasting	 ﾠmethod.	 ﾠThe	 ﾠmajority	 ﾠof	 ﾠ
comparisons	 ﾠbetween	 ﾠerror	 ﾠand	 ﾠother	 ﾠvariables	 ﾠproduced	 ﾠweak	 ﾠcorrelations;	 ﾠsome	 ﾠother	 ﾠ
correlations,	 ﾠhowever,	 ﾠspecifically	 ﾠthose	 ﾠrelated	 ﾠto	 ﾠdirectional	 ﾠerror,	 ﾠappear	 ﾠsignificant	 ﾠand	 ﾠ
to	 ﾠbe	 ﾠsystemic.	 ﾠIf	 ﾠthe	 ﾠcause	 ﾠof	 ﾠthese	 ﾠconsistent	 ﾠerrors	 ﾠcould	 ﾠbe	 ﾠdiscovered,	 ﾠthe	 ﾠalgorithm	 ﾠ
could	 ﾠbe	 ﾠimproved	 ﾠfurther	 ﾠto	 ﾠmake	 ﾠmore	 ﾠaccurate	 ﾠstorm	 ﾠcell	 ﾠlocation	 ﾠforecasts.	 ﾠThis	 ﾠcould	 ﾠ
increase	 ﾠmeteorologists’	 ﾠability	 ﾠto	 ﾠcorrectly	 ﾠforecast	 ﾠthunderstorm	 ﾠmotion	 ﾠand	 ﾠwarn	 ﾠthe	 ﾠ
right	 ﾠarea	 ﾠof	 ﾠan	 ﾠapproaching	 ﾠstorm.	 ﾠ
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6.	 ﾠ	 ﾠ Future	 ﾠResearch	 ﾠ
	 ﾠ
	 ﾠ The	 ﾠmost	 ﾠsignificant	 ﾠfinding	 ﾠin	 ﾠthis	 ﾠstudy	 ﾠis	 ﾠthe	 ﾠrightward	 ﾠerror	 ﾠof	 ﾠthunderstorm	 ﾠcells.	 ﾠ
The	 ﾠreason	 ﾠfor	 ﾠthis	 ﾠerror	 ﾠcould	 ﾠnot	 ﾠbe	 ﾠconfidently	 ﾠidentified,	 ﾠbut	 ﾠa	 ﾠhypothesis	 ﾠwas	 ﾠ
proposed.	 ﾠTo	 ﾠverify	 ﾠor	 ﾠdisprove	 ﾠthis	 ﾠhypothesis,	 ﾠrightward	 ﾠerror	 ﾠand	 ﾠraw	 ﾠerror	 ﾠwould	 ﾠhave	 ﾠ
to	 ﾠbe	 ﾠanalyzed	 ﾠon	 ﾠa	 ﾠstorm-ﾭ‐by-ﾭ‐storm	 ﾠbasis	 ﾠand,	 ﾠto	 ﾠprovide	 ﾠa	 ﾠcontrol,	 ﾠa	 ﾠset	 ﾠof	 ﾠnon-ﾭ‐severe	 ﾠ
thunderstorms	 ﾠwould	 ﾠhave	 ﾠto	 ﾠbe	 ﾠanalyzed	 ﾠto	 ﾠcheck	 ﾠfor	 ﾠthe	 ﾠrightward	 ﾠerror.	 ﾠAdditionally,	 ﾠ
the	 ﾠdBZ	 ﾠversus	 ﾠerror	 ﾠshowed	 ﾠsome	 ﾠcorrelation,	 ﾠbut	 ﾠthe	 ﾠdata	 ﾠwould	 ﾠhave	 ﾠto	 ﾠbe	 ﾠbroadened	 ﾠto	 ﾠ
include	 ﾠcells	 ﾠof	 ﾠmore	 ﾠreflectivity	 ﾠvalues	 ﾠto	 ﾠmake	 ﾠa	 ﾠmore	 ﾠgeneralized	 ﾠcorrelation.	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